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OBJECTS AND RULES 

OF 

THE ASSOCIATION. 

« 

OBJECTS. 

The Association contemplates no interference with the ground occupied 
by other institutions. Its objects are : — To give a stronger impulse and 
a more systematic direction to scientific inquiry, — to promote the inter- 
course of those who cultivate Science in different parts of the British 
Empire, with one another and with foreign philosophers, — to obtain a 
more general attention to the objects of Science, and a removal of any 
disadvantages of a public kind which impede its progress. 

RULES. 

Admission of Members and Associates, 

All persons who have attended the first Meeting shall be entitled 
to become Members of the Association, upon subscribing an obligation 
to conform to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical 
Societies publishing Transactions, in the British Empire, shall be entitled, 
in like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, 
of Philosophical Institutions shall be entitled, in like manner, to become 
Members of the Association. 

All Members of a Philosophical Institution recommended by its Coun- 
cil or Managing Committee shall be entitled, in like manner, to become 
Members of the Association. 

Persons not belonging to such Institutions shall bo elected by the 
General Committee or Council to become Life Members of the Asso- 
ciation, Annual Subscribers, or Associates for the year, subject to the 
approval of a General Meeting. 

Compositions, Subscriptions, and PHvileges. 

Life Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may bo 
published after tlio date of such payment. They are eligible to all the 
offices of the Association. 

Annual Subscribers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
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gratuitously tlie Reports of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. By omitting to pay this subscription in any par- 
ticular year, Members of this class (Annual Subscribers) lose for that and 
all future years the privilege of receiving the volumes of the Association 
gratis ; but they may resume their Membership and other privileges at any 
subsequent Meeting of the Association, paying on each such occasion the 
sum of One Pound. They are eligible to all the offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes : — 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 184G, or in subsequent years, have paid on 
admission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to 
the payment of One Pound annually. [May resume their Membership after 
intermission of Annual Payment.] 

4. Annual Members admitted in any year since 1839, subject to the 
payment of Two Pounds for the first year, and One Pound in each 
following year. [May resume their Membership after intermission of 
Annual Payment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will bo entitled to receive the annual 
volume of Reports, gratis ^ or io ^mrehase it at reduced (or Members’) 
price, according to the following specification, viz. : — 

1. Gratis. — Old Life Members who have paid Five Pounds as a compo- 

sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, 
a further sura of Five Pounds. 

New Life Members who have paid Ten Pounds as a composition. 

Annual Members who have not Mermitted their Annual Sub- 
scription. 

2. At reduced or Members' PrieSy viz., two-thirds of the Publication Price. 

— Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, but no further sum as a Book 
Subscription. 

AnnualMembers who have intermitted their Annual Subscription. 

Associates for the year. [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of completing their sets) any 

of the volumes of the Reports of the Association up to 1874, 
of which more than 15 co]^ies remainy at 2s. 6d. per volume.' 

Application to be made at the Office of the Association. 

Volumes not claimed within two years of the date of publication can 
only be issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 

* A few complete sets, 1831 to 1874, are on sale, at £10 the set. 
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Meetings. 

Tlie Association shall meet annually, for one week, or longer. The 
place of each Meeting shall be appointed by the General Committee not 
less than two years in advance * ; and the arrangements for it shall be 
entrusted to the Officers of the Association. 

General Committee. 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons : — 

Class A. Permanent Members. 

1. Members of the Council, Presidents of the Association, and Presi- 
dents of Sections for the present and preceding years, with Authors of 
Reports in the Transactions of the Association. 

2. Members who by the publication of Works or Papers have fur- 
thered the advancement of those subjects which are taken into considera- 
tion at the Sectional Meetings of the Association. With a view of suh- 
mitting new claims under this Buie to the decision of the Council^ they must he 
sent to the Assistant General Secretary at least one month before the Meeting 
of the Association. The decision of the Council on the claims of any Member 
of the Association to be placed on the list of the General Committee to he final. 

Class B. Temporary Members.^ 

1. Delegates nominated by the Corresponding Societies under the 
conditions hereinafter explained. Claims under this Buie to be sent to the 
Assistant General Secretary before the opening of the Meeting. 

2. Office-bearers for the time being, or delegates, altogether not ex- 
ceeding three, from Scientific Institutions established in the place of 
Meeting. Claims under this Rule to be approved by the Local Secretaries 
before the opening of the Meeting. 

3. Foreigners and other individuals whose assistance is desired, and 
who are specially nominated in writing, for the Meeting of the year, by 
the President and General Secretaries. 

4. Vice-Presidents and Secretaries of Sections. 

Organising Sectional Committees.^ 

The Presidents, Vice-Presidents, and Secretaries of the several Sec- 
tions are nominated by the Council, and have power to act until their 
names are submitted to the General Committee for election. 

From the time of their nomination they constitute Organising Com- 
mittees for the purpose of obtaining information upon the Memoirs and 
Reports likely to be submitted to the Sections,'* and of preparing Reports 

* Revised by the General Committee, Liverpool, 1896. 

* Revised, Montreal, 1884. 

* Passed, Edinburgh, 1871. 

* Notice to Contrihutors of Memoirs. — Authors arc reminded that, under an 
arrangement dating from 1871, the acceptance of Memoirs, and the days on which 
they are to be read, are now as far as possible determined by Organising Committees 
for the several Sections before the beginning of the Meeting. It has therefore become 
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ihereon, and on the order in which it is desirable that they should be 
read, to be presented to the Committees of the Sections at their first 
meeting. The Sectional Presidents of former years are ex o-fjicio members 
of the Organising Sectional Committees.^ 

An Organising Committee may also hold such preliminary meetings as 
the President of the Committee thinks expedient, but shall, under any 
circumstances, meet on the first Wednesday of the Annual Meeting, at 
11 A.M., to nominate the first members of the Sectional Committee, if 
they shall consider it expedient to do so, and to settle the terms of their 
report to the Sectional Committee, after which their functions as an 
Organising Committee shall cease.^ 

Constitution of the Sectional Committees^ 

On the first day of the Annual Meeting, the President, Vice-Presi- 
dents, and Secretaries of each Section having been appointed by the 
General Committee, these Officers, and those previous Presidents and 
Vice-Presidents of the Section who may desire to attend, are to meet, at 
2 P.M., in their Committee Booms, and enlarge the Sectional Committees 
by selecting individuals from among the Members (not Associates) present 
at the Meeting whose assistance they may particularly desire. The Sec- 
tional Committees thus constituted shall have power to add to their 
number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute- 
Book, and a copy forwarded without delay to the Printer, who is charged 
with publishing the same before 8 a.m. on the next day in the Journal of 
the Sectional Proceedings. 


Business of the Sectional Committees. 

Committee Meetings are to be held on the Wednesday, and on the 
following Thursday, Friday, Saturday,'* Monday, and Tuesday, for the 
objects stated in the Rules of the Association. The Organising Committee 
of a Section is empowered to arrange the hours of meeting of the Section 
and the Sectional Committee except for Thursday and Saturday. 

The business is to be conducted in the following manner : — 

1. The President shall call on the Secretary to read the minutes of 

the previous Meeting of the Committee. 

2. No paper shall be read until it has been formally accepted by the 

necessary, in order to give an opportunity to the Committees of doing justice to the 
several Communications, that each author should prepare an Abstract of his Memoir 
of a length suitable for insertion in the published Transactions of the Association, 
and that he should send it, together with the original Memoir, by book-post, on or 

before addressed to the General Secretaries, at the office of 

the Association. ‘ For Section ’ If it should be inconvenient to the Author 

that his paper should be read on any particular days, he is requested to send in- 
formation thereof to the Secretaries in a separate note. Authors who send in their 
MSS. three complete weeks before the Meeting, and whose papers are accepted, 
will be furnished, before the Meeting, with printed copies of their Reports and 
abstracts. No Report, Taper, or Abstract can be inserted in the Annual Volume 
unless it is handed either to the Recorder of the Section or to the Assistant General 
Secretary before the conclusion of the Meeting . 

« Sheffield, 1879. 2 Swansea, 1880. =» Edinburgh, 1871. 

♦ The meeting on Saturday is optional, Southport, 1883. * Nottingham, 1893* 
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Committee of the Section, and entered on the minutes accord- 
ingly. 

8. Papers which have been reported on unfavourably by the Organ- 
ising Committees shall not bo brought before the Sectional 
Committees.^ 

At the first meeting, one of the Secretaries will read the Minutes of 
last year’s proceedings, as recorded in the Minute-Book, and the Synopsis 
of Recommendations adopted at the last Meeting of the Association 
and printed in the last volume of the Report. He will next proceed to 
read the Report of the Organising Committee. ^ The list of Communi- 
cations to be road on Thursday shall be then arranged, and the general 
distribution of business throughout the week shall be provisionally ap- 
pointed. At the close of the Committee Meeting the Secretaries shall 
forward to the Printer a List of the Papers appointed to be read. The 
Printer is charged with publishing the same before 8 a.m. on Thursday 
in the Journal. 

On the second day of the Annual Meeting, and the following days, 
the Secretaries are to correct, on a copy of the Journal, tlie list of papers 
which have been read on that day, to add to it a list of those appointed 
to be read on the next day, and to send this copy of the Journal as early 
in the day as possible to the Printer, who is charged with printing the 
same before 8 a.m. next morning in the Journal. It is necessary that one 
of the Secretaries of each Section (generally the Recorder) should call 
at the Printing Office and revise the proof each evening. 

Minutes of the proceedings of every Committee are to be entered daily 
in the Minute-Book, which should be confirmed at the next meeting of 
the Committee. 

Lists of the Reports and Memoirs read in the Sections arc to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts 
of Memoirs furnished by Aidhors^ are to he forwarded^ at the close of the 
Sectional Meetings^ to the Assistant General Secretary. 

The Vice-Presidents and Secretaries of Sections become ex officii* 
temporary Members of the General Committee {vide p. xxxi), and will 
receive, on application to the Treasurer in the Reception Room, Tickets 
entitling them to attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association, and the com- 
munications made to the Sections at this Meeting, for the purposes of 
selecting definite points of research to which individual or combined 
exertion may be usefully directed, and branches of knowledge on the 
state and progress of which Reports are wanted ; to name individuals or 
Committees for the execution of such Reports or researches ; and to state 
whether, and to what degree, these objects may be usefully advanced by 
the appropriation of the funds of the Association, by application to 
Government, Philosophical Institutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, 
it is expedient that all Members of the Committee should he named, and 

^ These rules were adopted by the General Committee, Plymouth, 1877. 

* This and the following sentence were added by the General Committee, Edin* 
burgh, 1871. 
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one of them appointed to act as Chairman, who shall have notified per~ 
sonally or in writing his willingness to accept the office, the Chairman to have 
the responsibility of receiving and dislmrsing the grant {if any has been made) 
and securing the presentation of the Report in due time ; and, further, it is 
expedient that one of the members should be appointed to act as Secretary, for 
ensuring attention to business. 

That it is desirable that the number of Members appointed to serve on a 
Committee should be as small as is consistent with its efficient tvorhing. 

That a tabular list of the Committees appointed on the recommendation 
of each Section should be sent each year to the Recorders of the several Sec- 
tions, to enable them to fill in the statement whether the several Committees 
appointed on the recommendation of their respective Sections had presented 
their reports. 

That on the proposal to recommend the appointment of a Committee for a 
special object of science having been adopted by the Sectional Committee, the 
number of Members of such Committee be then fixed, but that the Members to 
serve on such Committee be nominated and selected by the Sectional Com- 
mittee at a subsequent meeting} 

Committees have power to add to their number persons whose assist- 
ance they may require. 

The recommendations adopted by the Committees of Sections are to 
be registered in the Forms furnished to their Secretaries, and one Copy of 
each is to be forwarded, without delay, to the Assistant General Secretary 
for presentation to the Committee of Recommendations. Unless this be 
done, the Recommendations cannot receive the sanction of the Associaiion. 

N.B. — Recommendations which may originate in any one of the Sections 
must first he sanctioned by the Committee of that Section before they can 
be referred to the Committee of Recommendations or confirmed by the 
General Committee. 


Notices regarding Grants of Money, 

1. No Committee shall raise money in the name or under the auspices of 

the British Association without special permission from the General 
Committee to do so ; and no money so raised shall be expended 
except in accordance with the Rules of the Association. 

2. In grants of money to Committees the Association does not contem- 

plate the payment of personal expenses to the Members. 

3. Committees to which grants of money are entrusted by the Association 

for the prosecution of particular Researches in Science are ap- 
pointed for one year only. If the work of a Committee cannot be 
completed in the year, and if the Sectional Committee desire the 
work to be continued, application for the reappointment of the 
Committee for another year must be made at the next meeting of 
the Association. 

4. Each Committee is required to present a Report, whether final or in- 
terim, at the next meeting of the Association after their appoint- 
ment or reappointment. Interim Reports must be submitted in 
writing, though not necessarily for publication. 

> Revised by the General Committee, Bath, 1888. 

* Revised by the General Committee at Ipswich, 1896. 
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•5. In each Committee tlie Chairman is the only person entitled to 
call on the Treasurer, Professor A. W. Riicker, P.R.S., for 
such portion of the sums granted as may from time to time be 
required. 

"6. Grants of money sanctioned at a meeting of the Association expire on 
June 30 following. The Treasurer is not authorised after that 
date to allow any claims on account of such grants. 

7 . The Chairman of a Committee must, before the meeting of the Asso- 
ciation next following after the appointment or reappointment of 
the Committee, forward to the Treasurer a statement of the sums 
which have been received and expended, with vouchers. The 
Chairman must also return the balance of the grant, if any, which 
has been received and not spent ; or, if further expenditure is con- 
templated, he must apply for leave to retain the balance. 

When application is made for a Committee to be reappointed, and to 
retain the balance of a former grant which is in the hands of the 
Chairman, and also to receive a further grant, the amount of such 
farther grant is to be estimated as being additional to, and not 
inclusive of, the balance proposed to be retained. 

D. The Committees of the Sections shall ascertain whether a Report has 
been made by every Committee appointed at the previous Meeting 
to whom a sum of money has been granted, and shall report to the 
Committee of Recommendations in every case where no such 
report has been received. 

10. Members and Committees who may be entrusted with sums of money 

for collecting specimens of Natural History are requested to re- 
servo the specimens so obtained to be dealt with by authority of 
the Association. 

11. Committees are requested to furnish a list of any apparatus which 

may have been purchased out of a grant made by the Association, 
and to state whether the apparatus will be useful for continuing 
the research in question, or for other scientific purposes. 

12. All Instruments, Papers, Drawings, and other property of the Asso- 

ciation are to be deposited at the Office of the Association when 
not employed in scientific inquiries for the Association. 


Bmineas of the Sections, 

The Meeting Room of each Section is opened for conversation shortly 
before the meeting commences. The Scctimi Rooms and approaches thereto 
can he used for no notices^ exhibitions, or other purposes than those of the 
Association. 

At the time appointed the Chair will be taken,' and the reading of 
communications, in the order previously made public, commenced. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications 
delivered in may render such divisions desirable. 

’ The Organising Committee of a Section is empowered to arrange the hours 
of meeting of the Section and Sectional Committee, except for Thursday and 
Saturday. 

b2 
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A Report presented to the Association, and read to the Section which 
originally called for it, may be read in another Section, at the request of 
the Officers of that Section, with the consent of the Author, 


Duties of the Doorkeepers. 

1. To remain constantly at the Doors of the Rooms to which they are 

appointed during the whole time for which they are engaged. 

2. To require of every person desirous of entering the Rooms the ex- 

hibition of a Member’s, Associate’s, or Lady’s Ticket, or Reporter’s 
Ticket, signed by the Treasurer, or a Special Ticket signed by the 
Assistant General Secretary. 

3. Persons unprovided with any of these Tickets can only be admitted 

to any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the 
Association whose names are printed in the Programme, p. 1. 

Duties of the Messengers. 

To remain constantly at the Rooms to which they are appointed dur- 
ing the whole time for which they are engaged, except when employed 03i 
messages by one of the Officers directing these Rooms. 

Committee of Recommendations. 

The General Committee shall appoint at each Meeting a Committee, 
which shall receive and consider the Recommendations of the Section.al 
Committees, and report to the General Committee the measures which 
they would advise to be adopted for the advancement of Science. 

Presidents of the Association in former years are ex officio members of 
the Committee of Recommendations, ‘ 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects shall be submitted to the 
Committee of Recommendations, and not taken into consideration by the 
General Committee unless previously recommended by the Committee of 
Recommendations . 

All proposals for establishing new Sections, or altering the titles of 
Sections, or for any other change in the constitutional forms and funda- 
mental rules of the Association, shall be referred to the Committee of 
Recommendations for a report.^ 

If the President of a Section is unable to attend a meeting of the 
Committee of Recommendations, the Sectional Committee shall be 
authorised to appoint a Vice-President, or, failing a Vice-President, 
some other member of the Committee, to attend in his place, due notice 
of the appointment being sent to the Assistant General Secretary.^ 

* Passed by the General Committee at Newcastle, 1863. 

* Passed by the General Committee at Birmingham, 1866, 

* Passed by the General Committee at Leeds, 1890. 
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Gorreajponding Societies} 

1. Any Society is eligible to be placed on the List of Corresponding 
Societies of the Association which undertakes local scientific investiga- 
tions, and publishes notices of the results. 

Application may bo made by any Society to be placed on the 
List of Corresponding Societies. Applications must be addressed to the 
Assistant General Secretary on or before the 1st of June preceding the 
Annual Meeting at which it is intended they should be considered, and 
must be accompanied by specimens of the publications of the results of 
the local scientific investigations recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be annually nomi- 
nated by the Council and appointed by the General Committee for the 
purpose of considering these applications, as well as for that of keeping 
themselves generally informed of the annual work of the Corresponding 
Societies, and of superintending the preparation of a list of the papers 
publislied by them. This Committee shall make an annual report to the 
General Committee, and shall suggest such additions or changes in the 
List of Corresponding Societies as they may think desirable. 

4. Every Corresponding Society sh^l return each year, on or before the 
1st of June, to the Assistant General Secretary of the Association, a 
schedule, properly filled up, which will be issued by him, and which will 
contain a request for such particulars with regard to the Society as may 
be required for the information of the Corresponding Societies Committee. 

5. There shall bo inserted in the Annual Report of the Association 
a list, in an abbreviated form, of the papers published by the Corre- 
sponding Societies during the past twelve months which contain the 
results of the local scientific work conducted by them ; those papers only 
being included which refer to subjects coming under the cognisance of 
one or other of the various Sections of the Association. 

6. A Corresponding Society shall have the right to nominate any 
one of its members, who is also a Member of the Associati m, as its dele- 
gate to the Annual fleeting of the Association, who shall be for the time 
a Member of the General Committee. 

Conference of Delegates of Gorresjponding Societies. 

7. The Conference of Delegates of Corresponding Societies is em- 
powered to send recommendations to the Committee of Recommen- 
dations for their consideration, and for report to the General Committee. 

8. The Delegates of the various Corresponding Societies shall con- 
stitute a Conference, of which the Chairman, Vice-Chairmen, and Secre- 
taries shall be annually nominated by the Council, and appointed by the 
General Committee, and of which the members of the Corresponding 
Societies Committee shall be ex officio members. 

9. The Conference of Delegates shall be summoned by the Secretaries 
to hold one or more meetings during each Annual Meeting of the Associa- 
tion, and shall be empowered to invite any Member or Associate to take 
part in the meetings. 

10. The Secretaries of each Section shall be instructed to transmit to 

* Passed by the General Committee, 1884. 
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the Secretaries of the Conference of Delegates copies of any recommen- 
dations forwarded by the Presidents of Sections to the Committee of 
B/Gcommendations bearing npon matters in which the co-operation of 
Corresponding Societies is desired ; and the Secretaries of the Conference 
of Delegates shall invite the authors of these recommendations to attend 
the meetings of the Conference and give verbal explanations of their 
objects and of the precise way in which they would desire to have them 
carried into effect. 

11. It will be the duty of the Delegates to make themselves familiar 
with the purport of the several recommendations brought before the Confer- 
ence, in order that they and others who take part in the meetings may bo 
able to bring those recommendations clearly and favourably before their 
respective Societies. The Conference may also discuss propositions bear- 
ing on the promotion of more systematic observation and plans of opera- 
tion, and of greater uniformity in the mode of publishing results. 


Local Committees, 

Local Committees shall be formed by the Officers of the Association 
to assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may desire. 


Oficers, 

A President, two or more Vice-Presidents, one or more Secretaries, 
and a Treasurer shall be annually appointed by the General Committee. 


Council, 

In the intervals of the Meetings, the affairs of the Association shall 
be managed by a Council appointed by the General Committee. The 
Council may also assemble for the despatch of business during the week 
of the Meeting. 


(1) The Council shall consist of * 

1. The Trustees. 

2. The past Presidents. 

3. The President and Vice-Presidents for the time being. 

4. The President and Vice-Presidents elect. 

5. The past and present General Treasurers, General and 

Assistant General Secretaries. 

6. The Local Treasurer and Secretaries for the ensuing 

Meeting. 

7. Ordinary Members. 

(2) The Ordinary Members shall be elected annually from the 

General Committee. 

( 3 ) There shall be not more than twenty-five Ordinary Members, of 


’ Passed by the General Committee at Belfast, 1874. 
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whom not more than twenty shall have served on the Council, 
as Ordinary Members, in the previous year. 

(4) In order to carry out the foregoing rule, the following Ordinary 

Members of the outgoing Council shall at each annual election 
be ineligible for nomination : — 1st, those who have served on 
the Council for the greatest number of consecutive years ; and, 
2nd, those who, being resident in or near London, have 
attended the fewest number of Meetings during the year 
— observing (as nearly as possible) the proportion of three by 
seniority to two by least attendance. 

(5) The Council shall submit to the General Committee in their 

Annual Report the names of the Members of the General 
Committee whom they recommend for election as Members of 
Council . 

(6) The Election shall take place at the same time as that of the 

Officers of the Association. 

Papers and Gommimicatlons. 

The Author of any paper or communication shall be at liberty to 
reserve his right of property therein. 

Accounts, 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee. 
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TEUSTEES AND GENERAL OFFICERS, 1831—1898. 


TRUSTEES. 


1832-70 (Sir) R. I. Murchison (Bart.), 
F.R.S. 

1832-62 John Taylor, Esq., F.R.S. 
1832-39 C. Babbage, Esq , F.R.S. 
1839-44 F. Baily, Esq., F.R.S. 

1844-58 Rev. G. Peacock, F.R.S. 
1868-82 General E. Sabine, F.R.S. 


1862-81 Sir P. Egerton, Bart., F.R.S. 
1872-98 Sir J. Lubbock, Bart., F.R.S. 
1881-83 W. Spottiswoodb, Esq , Pres. 
RS. 

1883-98 Lord Rayleigh, F.R.S. 

1883-98 Sir Lyon (now Lord) Playfair, 

F.R.S. 


GENERAL TREASURERS. 


1831 Jonathan Gray, Esq. 

1832-62 John Taylor, Esq , F.R.S. 
1862-74 W. Spottiswoodb, Esq., F.R.S, 


1874-91 Prof. A. W. Williamson, F.R.S. 
1891-98 Prof. A. W. ROcker, F.R.S, 


GENERAL SECRETARIES. 


1832-35 Rev. W. Vernon Harcourt, 
F.R.S. 

1835- 36 Rev. W. Vernon Harcourt, 

F.R.S., and F. Baily, Esq., 
F.R.S. 

1836- 37 Rev. W. Vernon Harcourt, 

F.R S , and R. I. Murchison, 

E. sq , F R S. 

1837- 39 R. I. Murchison, E.sq., F.R S., 

and Rev. G. Peacock, F.R.S. 
1839-46 Sir .R. I. Murchison, F.R.S., 
and Major E. Sabine, F.R.S. 
1845-60 Lieut.-Coloncl E. Sabine, F.R.S. 
1850-62 General E. Sabine, F.R.S., and 
J. F. Royle, Esq., F.R.S. 

1852- 53 J. F. Royle, Esq., F.R.S. 

1853- 59 General E. Sabine, F.R.S. 
1859-61 Prof. R. Walker, F.R.S. 

1861- 62 W. Hopkins, Esq., F.R S. 

1862- 63 W. Hopkins, Esq., F.R.S., and 

Prof. J. Phillips, F.R S. 

1863- 65 W. Hopkins, E.sq., F.R S., and 

F. Galton, Es(? , F.R S. 
1865-66 F. Galton, Esq., F.R.S. 


1866-68 F. Galton, Esq., F.R.S., and 
Dr. T. A. Hirst, F.R.S. 
1868-71 Dt. T. a. Hirst, F.R.S., and Dr. 
T. Thomson, F.R S. 

1871- 72 Dr T.THOMSON,F.R.S.,andCapt. 

Douglas Galton, F R.S. 

1872- 76 Capt. Douglas Galton, F.R.S., 

and Dr. MiciiAEL Foster, 
FRS. 

1876-81 Capt. Douglas Galton, F.R.S , 
and Dr. P. L. SCLATER, F.R S. 

1881- 82 Capt. Douglas Galton, F.R.S., 

and Prof. F. M. Balfour, 
F R.S. 

1882- 83 Capt. Doikjlas Galton, F.R.S. 

1883- 95 Sir Douglas Galton, F.R.S, 

and A. G V krnon IIarcourt, 
Esq., F.RS 

1895-97 A. G Vernon Harcourt, Esq., 
F.RS, and Prof. E. A. 
Schafer, F R S 

1897- 08 Prof E A Schafer, F R.S , and 
Prof W. C. Roberts-Austen, 
C B., F R.S. 


ASSISTANT GENERAL SECRETARIES. 


1831 John Phillips, Esq., Secretanj. 

1832 Prof. J. D. Forbes, Acting 

Secretary. 

1832-62 Prof. John Phillips, F.R.S. 
1862-78 G. Griffith, Esq., M.A. 
1878-80 J. E. H. Gordon, Esq., B.A., 
Asdatant Secretary. 

1881 G. Griffith, Esq., M.A., Acting 
Secretary. 


( 1881-85 Prof. T. G. Bonney, F.R.S., 
I Secretary. 

1885-90 A. T. Atchison, Esq., M.A., 
Secretary. 

t 1890 G. Grifpitii, Esq., M.A., 
t Secretary. 

1890-98 Q, Griffith, Esq., M.A. 
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Presidents and Seavtaries of the Sections of the Association. 


Date and Place Presidents Secretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OF SCIENCES, I. — MATHEMATICS AND GENERAL PHYSICS. 

1832. Oxford Davies Gilbert, D.C.L., F.R.S. Rev. H. Coddington. 

1833. Cambridge Sir D. Brewster, F.R.S Prof. Forbes. 

1834. Edinburgh Rev. W. Whewell, F.R.S. Prof. Forbes, Prof. Lloyd. 


SECTION A. — MATHEMATICS AND PHYSICS. 

1835. Dublin Rev. Dr. Robinson jProf. Sir W. R. Hamilton, Prof. 

Wheatstone. 

1830. Bristol Rev. William IMiewell, F.R.S.! Prof. Forbes, W. S. Harris, F. W, 

Jerrard. 

1837. Liverpool... Sir D. Brewster, F.R.S |W. S. Harris, Rev. Prof. Powell, 

I Prof. Stevelly, 

1838. Newcastle Sir J. F. W. Herschel, Bart., I Rev. Prof. Cbevallier, Major Sabine, 

F.R.S. i Prof. Stevelly. 

1839. Birmingham Rev. Prof. Whewell, F.R.S.... jJ. D. Chance, W. Snow Harris, Prof. 

; Stevelly. 

1840. Glasgow ... Prof. Forbe.s, F.R.S 'Rev. Dr. Forbes, Prof. Stevelly, 

I Arch. Smith. 

1841. Plymouth Rev. Prof. Lloyd, F.R.S iProf. Stevelly. 

1842. Manchester Very Rev. G. Peacock, D.D.,'Prof. M‘Culloch, Prof. Stevelly, Rev, 

F.R.S. j W. Scoresby. 

1843. Cork Prof. McCulloch, M.R.I.A. Nott, Prof. Stevelly. 

1844. York The liarl of Rosse, F.R.S. ...IRev. Wm. Hey, Prof. Stevelly. 

1845. Cambridge The Very Rev. the Dean of Rev. II. Goodwin, Prof. Stevellj’, 

Ely. I G. (J. Stokes. 

1846. Southamp- Sir John F. W. Herschel, John Drew, Dr. Stevelly, G. G. 

ton. Bart., F.R.S. Stokes. 

1847. Oxford Rev. Prof. Powell, M.A., Rev. H. Price, Prof. Stevelly, G. G. 

F.R.S. Stokes. 

1848. Swansea ... Lord Wrottcsley, F.R.S Dr. Stevelly, G. G. Stokes. 

1849. Birmingham William Hopkins, F.R.S Prof. Stevelly, G, G. Stokes, W, 

Ridout Wills. 

1850. Edinburgh Prof. J. D. Forbe.s, F.R.S., W.J.MacquornRankine, Prof. Smyth, 

Sec. R.S.E. Prof. Stevelly, Prof. G. G. Stokes. 

1851. Ipswich ...Rev. W. Whewell, D.D., S. Jackson, W. J. Macquorn Rankine, 

F.R.S. Prof. Stevelly, Prof. G. G. Stokes. 

1852. Belfast Prof. W. Thomson, M.A., Prof. Dixon, W. J. Macquorn Ran- 

F.R.S., F.R.S.E. ! kine. Prof. Stevelly, J. Tyndall. 

1853. Hull The Very Rev. the Dean of ill. Blaydes Haworth, J. D. Sollitt, 

Ely, F.R.S. j Prof. Stevelly, J. Welsh. 

1854. Liverpool... Prof. G. G. Stokes, M. A., Sec. ;J. Hartnup, H. G. Puckle, Prof, 

R.S. Stevelly, J. Tyndall, J. Welsh. 

1856. Glasgow ... Rev. Prof. Kelland, M.A., Rev. Dr. Forbes, Prof. D. Gray, Prof 

F.R.S., F.R S.E. Tyndall. 
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Date and Place 

1856. Cheltenham 

1857. Dublin 

1858. Leeds 

1859. Aberdeen... 

1860. Oxford 

1861. Manchester 

1862. Cambridge 

1863. Newcastle 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton... 

1873. Bradford... 

1874. Belfast 

1875. Bristol 

1876. Glasgow ... 

1877. Plymouth... 

1878. Dublin 

1879. Sheffield ... 

1880. Swansea ... 

1881. York j 


Presidents 


llev. 11. Walker, M.A., F.R.S. 

Rev. T. R. Robinson, D.D , 
F.R.S., M.R.LA. 

Rev. W. Whewell, D.D., 
V.P.R.S. 

The Earl of Rosse, M.A., K.P., 
F.R.S. 

Rev. B. Price, M.A., F.R.S... . 

G. B. Airy, M.A., D.C.L., 
F R S 

Prof. G. G. Stokes, M.A., 
F.R.S. 

Prof . W. J. IM acquorn Rankine, 
C.K., F.R.S. 

Prof. Cayley, M.A., F.R.S., 
F.R.A.S. 

W. Spottiswoode,^!. A.,F.R.S., 
F.R.A.S. 

Prof. Wheatstone, D.C.L., 
F.R.S. 

Prof. Sir W. Thomson, D.C.L., 
F R fS 

Prof. J. Tyndall, LL.D., 
F.R.S. 

Prof. J. J. Sylvester, LL.D., 
F.R.S. 

J. Clerk Maxwell, M.A., 
LL.D., F.R.S. 

Prof. P. G, Tail, F.R.S.E. ... 


W. De La Rue, D.C.L., F.R.S. 

Prof. H. J. S. Smith, F.R.S. . 

Rev. Prof. J. H. Jcllett, M.A., 
M.R.LA. 

Prof. Balfour Stewart, M.A., 
LL.D., F.R.S. 

Prof. Sir W. Thomson, M.A., 
D.C.L., F.R.S. 

Prof. G. C. Foster, B.A., F.R.S., 
Pre.s. Physical Soc. 

Rev. Prof. Salmon, D.D., 
D C.L., F.R.S. 

George Johnstone Stoney, 
M.A., F.R.S. 

Prof. W. Grylls Adams, M.A., 
F.R.S. 

Prof. Sir W. Thomson, M.A., 
LL.D., D.C.L., F.R.S. 


Secretaries 


C. Brooke, Rev. T. A. Soiithwood, 
Prof. Stevelly, Rev. J. C. Turnbull. 
Prof. Curtis, Prof. Hennessy, P. A. 

I Ninnis, W. J. Macquorn Rankine, 

I Prof. Stevelly. 

Rev. S. Earnshaw, J. P. Hennessy, 
Prof. Stevelly, H. J. S. Smith, Prof. 
Tyndall. 

J. P. Hennessy, Prof. Maxwell, H. 

J. S. Smith, Prof. Stevelly. 

Rev. G. C. Bell, Rev. T. Rennison, 
Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H, J. S. 

Smith, Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

Rev. N. Ferrers, Prof. Fuller, F. 
.Tonkin, Prof. Stevelly, Rev. C. T. 
Whitle5^ 

Prof. Fuller, F. Jenkin, Rev. G. 

Buckle, Prof. Stevelly. 

Rev. T. N. Hutchinson, F. Jenkin, G. 

S. Mathews, Prof. H. J. S. Smith, 
J. M. Wilson. 

Flecming Jenkin, Prof.IL J. S. Smith, 
Rev. S. N. Swann. 

Rev. G. Buckle, Prof. G. C. Foster, 
Prof. Fuller, Prof. Swan. 

Prof. G. C. Foster, Rev. R. Harley, 
R. B. Hayward. 

Prof. G. C. Foster, R. B. Hayward, 
W. K. ClilTord. 

Prof. W. G. Adams, W. K. ClitTord, 
Prof. G. C. Foster, Rev. W. Allen 
Whitworth. 

Prof. W. G. Adams, J. T. Bottom! cy. 
Prof. W. K. Clitfoid, Prof. J. i). 
Everett, Rev. R. Harley. 

Prof. W. K. Clifford, J.’W. L. Glaisher, 
Prof. A. S. Herschel, G.F.Rodwell. 
Prof. W. K. Clifford, Prof. Forbes, J. 

W. L. G laisher, Prof. A. S. Herschel. 
J. W. L. Glaisher, Pi of. Herschel, 
Randal Nixon, J. Perry, G. F. 
Rodwcll. 

Prof. W. F. Barret t, J.AV.L. Glaisher, 

C. T. Hudson, G. F. Rodwell. 
Prof. W. F. Barrett, J. T. Bottomley, 

Prof. G. Forbes, J. W. L. Glaisher, 

T. Muir. 

Prof. W. F. Barrett, J. T. Bottomley, 
J. W. L. Glaisher, F. G. Landon. 
Prof. J. Casey, G. F. Fitzgerald, J. 

W. L. Glaisher, Dr. O. J. Lodge. 
A. H. Allen, J. W. L. Glaisher, Dr 
O. J. Lodge, D. MacAlister. 

W. E. Ayrton, J. W. L. Glaisher, 
Dr. O. J. Lodge, D. MacAlister. 
Prof. W. E. Ayrton, Dr. O. J. Lodge, 

D. MacAlister, Rev. W. Routh. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Presidents Secretaries 

Rt. Hon. Prof. Lord Rayleigh, W. M. iliek.s, Dr. O. J. Lodge, D. 

M.A., F.R.S. MacAlister, Rev. G. Richardson. 

Prof O.Hennci, Ph.D., F.R.S. W. M. Hicks, Prof O. J. Lodge, 
D. MacAlister, Prof. R C. Rowe. 
Prof. Sir W. Thomson, M A., C. Carpmael, W. M. Hicks, A. John- 
LL.D., D.G.L., F.R.S. son, 0. J. Lodge, D, MacAlister. 

Prof. G. Chrystal, M.A , R. E. Baynes, R. T. Glazebrook, Prof. 

F.R.S.E. W. M. Hicks, Prof. W. Ingram. 

Piof. G. H. Darwin, M. A., R. E. Bavnes, R. T. Glazebrook, Prof . 

LL.D., F.R.S. J. H. Poynting, W. N Shaw. 

Prof Sir R. S. Ball, M.A., R. E. Baynes, R. T. Glazebrook, Prof. 

LL.D., F.R S. II. Lamb, W. N. Sliaw. 

Prof G. F. Fitzgerald, M.A., R. E. Baynes, R. T. Glazebrook, A. 

, F.R.S. Lodge, W. N. Shaw. 

1889. Newcn.stle- TJa})t W. de W. Abney, C.B., R. E. Baynes, R. T. Glazebrook, A. 


upon-Tync ; R E., F.R.S. Bodge, W. N. Shaw, H. Stroud. 

1890. Leeds ;J. W. L. Glaisher, Sc.D., R. T. Glazebrook, Prof. A. Lodge, 

I F.R.S., V.P.R.A.S. W. N. Shaw, Prof. W. Stroud. 

1891. Cardiff lYof (). J Lodge, D.Sc., R. E. Baynes, J. Larmor, Prof. A. 


I Id.i.D , F.R.S. I Lodge, Prof. A. L. Selby. 

1892. Edinburgh 1 Prof . A. Schuster, PhD., 'll. E. Baynes, J. Larmor, Prof. A. 

! F.R.S , F.R.A.S. I Lodge, Dr. W. Peddie. 

1893. Nottingham i R. T. Glazebrook, M.A. , F.R S ;W. T. A. Erntage, J. Larmor, Prof. 

, Lodge, Dr. W. Peddie. 

1891. O.xford 'Prof. A. W. Riicker, M.A.,! Prof. W. H. Heaton, ITof. A. Lodge, 

I F.RS. ! J Walker. 

1895. Ipswicli ...Prof. W. M. Hicks, M.A , Prof W. H. Heaton, Prof. A. Lodge, 
F.R.S. j G. T. Walker, W. Watson. 

1890. Liverpool... Pi of. J. J. Thomson, M.A.,' Prof. W. H. Heaton, J, L. Howard, 
i D.Sc., F.R.S. Prof. A. Lodge, G. T. Walker, 

I W. Watson. 

1897. Toronto ...iProf. A R. Forsyth, M.A.. Prof W.H. Heaton, J C. Glashan, J. 

1 F.R S. L. Howard, Prof. J. C. McLennan. 

CHEMICAL SCIENCE. 

COMMITTER OF SCIENCES, II. — CHEMISTRY, MINERALOGY. 

1832. Oxford John Dalton, D.C.L , F.RS. Jame.s F. W. Johnston. 

1833. Cambridge John Dalton, D.C.L., F.R.S. Prof. Miller. 

1831. Edinburgh Dr. Hope Mr. Johnston, Dr. Christison. 

SECTION B. — CHEMISTRY AND MINERALOGY. 

1835. Dublin Dr. T. Tliomson, F.R.S Dr. Apjohn, Prof. Johnston. 

1836. Bristol Rev. Jbof. Cumming Di. Apjohn, Dr. C. Henry, AV. Hera- 

path. 

1837. Liverpool... Alichael Faraday, F.R.S Prof. Jolinston, Prof. Aliller, Dr. 

Reynolds. 

1838. Newcastle Rev. AVilliam AYJiewell, F.R.S. Prof. Miller, 11. L. PattinsoU; Thomas 

; Richardson. 

1 839. Birmingham Prof. T. Gialiam, F.R.S Dr. Golding Bird, Dr. J. B. Melson. 

1810. Glasgow ... Dr. Tliomas Thomson, F.R.S. Dr. R. D. Thomson, Dr. T. Clark, 

j Dr. L. Playfair. 

1841. Plymouth... Dr. Daubeny, F.R.S 'j. Prideaux, R. Hunt, W. M. Tweedy. 

1842. Manchester John Dalton, D.C.L., F.R.S. i Dr. L. Playiair, R. Hunt, J. Graham. 

1843. Cork Prof. Apjohn, M.R.I.A 'R. Hunt, Dr. Sweeny. 

1844. York Prof. T. Graham, F.R.S 1 Dr. L. Playfair, E. Solly, T.H. Barker. 

1846. Cambridge Rev. Prof. Cumming |r. Huut,J. P. Joule, Prof, Miller, 

E. Solly. 

1846. Southamp- Michael Faraday, D.C.L., Dr. Miller, R. Hunt, AV. Randall, 
ton. F.R.S. 


Date and Place 

1882. Southamp- 

ton. 

1883. Southport 

1884. Montreal ... 

1885. Aberdeen... 

1886. Birmingham 

1887. Manchester j 
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Date and Place Presidents Secretaries 


1847. Oxford Rev. W. V. Harcourt, M.A., B. C. Brodie, R. Hunt, Prof. Solly. 

F.R.S. 

1848. Swansea ... Richard Phillips, F.R.S T. 11. Henry, R. Hunt, T. Williams. 

1849. Birmingham John Percy, M.D., F.R.S R. Hunt, G. Shaw. 

1850. Edinburgh Dr. Christison, V.P.R.S.E. ... Dr. Anderson, R. Hunt, Dr. Wilson. 

1851. Ipswich ... Prof. Thomas Graham, F.R.S. T. J. Pearsall, W. S. Ward. 

1852. Belfast Thomas Andrews, M.D., F.R.S. Dr. Gladstone, Prof. Hodges, Prof. 

Ronalds. 

1853. Hull Prof. J. F. W. Jolinston, M.A., H. S. Blundell, Prof. R. Hunt, T. J. 

F.R.S. Pearsall. 

1854. Liverpool Prof.W. A.Miller, M.D.,F.R.&. Dr. Edwards, Dr. Gladstone, Dr. 

Price. 

1855. Glasgow ... Dr. Lyon Playfair,C.B.,F.R.S. Prof. Frankland, Dr. H. E. Roscoe. 

1856. Cheltenham I Prof. B. C. Brodie, F.R.S. ... J. Horsley, P. J. Worsley, Prof. 

Voelcker. 

1857. Dublin Prof. Apjohn, M.D., F.R.S., Dr. Davy, Dr. Gladstone, Prof. Sul- 

M.R.I.A. livan. 

1858. Leeds Sir J. F. W. Herschel, Bart., Dr. Gladstone, W. Odling, R. Rey- 

D.C.L. Holds. 

1859. Aberdeen... Dr. LyonPlayfair,C.B., F.R.S. J. S. Brazier, Dr. Gladstone, G. D. 

Liveing, Dr. Odling. 

1860. Oxford Prof. B. C. Brodie, F.R.S :A. Veinon Harcourt, G. D. Liveing, 

I A. B. Northcote. 

1861. Manchester Prof. W. A. Miller, M.D.,F.R.S. , A. Vernon Harcourt, G. D. Liveing. 

1862. Cambridge Prof. W.U.Millcr,M.A.,F.R.S.|H. W. Elphinstone, VW Odling, Prof. 

Roscoe. 

1863. Newcastle Dr. Alex. W. Williamson, Prof. Liveing, H. L. Pattinson, J. C. 

F.R.S. Stevenson. 

1864. Bath W. Odling, M.B., F.R.S A. V. Harcourt, Prof. Liveing, R. 

Biggs. 

1865. Birmingham Prof. W. A. Miller, M.D., A. V. Harcourt, IT. Adkins, Prof, 

V.P.R.S. Wanklyn, A. Winkler Wills. 

1866. Nottingham H. Bence Jones, M.D., F.R.S. J, H Atherton, Prof. Liveing, W. J. 

Russell, J. Whit(‘. 

1867. Dundee ... Prof. T. Anderson, M.D., A. Crum Brown, Prof. G. D. Liveing, 

F.R.S.E. W. J. Russell. 

1868. Norwich ... Prof. E. Frankland, F.R.S. Dr. A. Crum Brown, Dr. W. J. Rus- 

sell, F. Sutton. 

1869. Exeter Dr. H. Debus, F.R.S Prof. A. Crum Brown, Dr. W. J. 

Riussell, Dr. Atkinson. 

1870. Liverpool... Prof. H. E. Roscoe, B.A., Prof. A. Crum Brown. A. E. Fletcher, 

F.R.S. Dr. W. J. Russell.' 

1871. Edinburgh Prot. T. Andrews, M.D., F.R.S. J. T. Buchanan, W. N. Hartley, T. 

E. Thorpe. 

1872. Brighton ... Dr. J. H. Gladstone, F.R.S.... Dr. Mills, W. Chandler Roberts, Dr. 

W. J. Russell, Dr. T. Wood. 

1873. Bradford ... Prof. W. J. Russell, F.R.S Dr. Armstrong, Dr. Mills, W. Chand- 

ler Roberts, Dr. Thorpe. 

1874. Belfast Prof. A. Crum Brown, M.D., Dr. T. Cranslouii Charles, W. Chand- 

F.R.S.E. ler Roberts, Prof. Thorpe. 

1875. Bristol A. G. Vernon Harcourt, M.A., Dr. H. E. Armstrong, W. Chandler 

F.R.S. Roberts, W. A. Tildcn. 

1876. Gla.sgow ... W. H. Perkin, F.R.S W. Dittmar, W. Chandler Roberts, 

J. M. Thomson, W. A. Tilden. 

1877. Plymouth... F. A. Abel, F.R.S Dr. Oxland, Chandler Roberts, 

J. M. Thomson. 

1878. Dublin Prof. Maxwell Simpson, M.D., W. Chandler Roberts, J. M. Thom- 

F.R.S. son. Dr. C. R. Tichborne, T. Wills. 

1879. Sheffield ... Prof. Dewar, M.A., F.R.S. ... H. S. Bell, W. Chandler Roberts, J. 

1 M. Thomson. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place Presidents Secretaries 


1880. Swansea ... Joseph Henry Gilbert, Ph.D., P. P, Bedson,H. B. Dixon, W. R. E. 

P.R.S. ! Hodgkinson, J. M. Thomson. 

1881. York Prof. A. W. Williamson, F.R.S. , P. P. Bedson, H. B. Dixon, T. Gough. 

1882. Southamp- Prof. G. D. Liveing, M.A., iP. Pliillips Bedson, H. B. Dixon, 

ton. F.R.S. i J. L. Notter. 

1883. Southport Dr. J. II. Gladstone, F.R.S... I Prof. P. Phillips Bedson, H. B. 

I Dixon, H. Forster Morley. 

1884. Montreal ... Prof. Sir H. E Iloscoe, Ph.D., Prof. P. Phillips Bedson, H. B. Dixon, 

LL.D., F.R.S. 1 T. McFarlane, Prof. W. H. Pike. 

1885. Aberdeen ... | Prof. H. E. Armstrong, Ph.D., ' Prof. P. Phillips Bedson, H. B. Dixon, 

I F.R.S., Sec. C.S. i H.ForsterMorley,Dr.W.J.Simpson. 

li 86. Birmingham ' W. Crookes, F.R.S., V.P.C.S. Prof. 1*. Phillips Bedson, H. B. 

I ; Dixon, H. Forster Morley, W. W. 

i .1. Nicol, C. J. Woodward. 

1887. Manchester Dr. E. Schunck, F.R.S Prof P. Phillips Bedson, H. Forster 


I Morley, W. Thomson. 

1888. Bath Prof. W. A. Tilden, D.Sc., ' Prof. H. B. Dixon, H. Forster Morley, 

F.R.S , V.P.C.S. I R E. Moyle, W. W. J. Nicol. 

1889. Newcastle- Sir I. Lowthian Bell, Bart.,lH, Forster Morley, D. H. Nagel, W. 

iipon-Tyne D.C.L., F.R.S. | W. J. Nicol, H. L. Pattinson, jun. 

1890. Leeds IProf. T. E. Thorpe, B.Sc., 'C. 11. Botliamley, H. Forster Morlev, 

I Ph.D , F.R.S , Treas. C.S. D. 11. Nagel, W. W. J. Nicol. 

1891. Cardiff I Prof. W. C. Robcrts-Auslen, C. 11. Botliamley, H. Forster Morlev, 

C.B , F R S. , W. W. J. Nicol, G. S. Turpin 

1892. Edinburgh Prof. II. McLeod, F.R S Gibson, 11. Forster Morlev, D. H. 

j Nagel, W. IV. J. Nicol. 


1893. Nottingham Prof. J. Emerson Reynolds, J. B. Coleman, M. J. R. Dunstan, 


M.D., D.Sc., F.R.S. ; D. H. Nagel, W. W. J. Nicol. 

1894. Oxford Prof. H. B. Dixon, M A., F.R.S. A. Colefax, W. W. Fisher, Arthur 

I Harden, H. Forster Morley. 

SECTION B (contlmicd). — chemistry. 

1895. Ipswich ... Prof. R. Meldola, F.R.S E. H. Fi.son, Arthur Harden, C. A. 

i Kohn.J. W. Rodger. 

1896. Liverpool... Dr. Ludwig Mond, F R.S. Arthur Harden, C. A. Kohn 

1897 Toronto ... Prof. W. Ramsay, F.R.S Prof W. 11. Ellis, A. Harden, C. A. 

I Kohn, Prof. R. F. Ruttan. 


GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OF SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford R. 1. Murchison, F.R.S John Taylor. 

1833. Cambridge. G. B. Greenough, F.R.S W. Lonsdale, John Phillips. 

1834. Edinburgh . Prof. Jameson j J. Phillips, T. J. Torrie, Rev. J. Yates. 


SECTION C. — GEOLOGY AND GEOGRAPHY. 


1836. Dublin 

1836. Bristol 

1837. Liverpool... 

1838. Newcastle. . 

1839. Birmingham; 


R. J. Griffith 

Rev. Dr. Buckland, F.R.S. — 
6’'<9e(7.,R.I.Murchison, F.R.S. 
Rev. Prof. Sedgwick, F.R.S. — 


Captain Portloek, T. J. Torrie. 
William Sanders, S. Stutchbury, 
T. J. Torrie. 

Captain Portloek, R. Hunter. — Geo- 


6'6^(?/7.,G.B.Greenough,F.R.S.| graphify Capt. H. M. Denham, R.N. 
C. Lyell, F.R.S., V.P.G.S.— ! W‘. C. Trevelyan, Capt. Portloek.— 
Geography^ Lord Prudhoe.i Geography ^ Capt. Washington. 

Rev. Dr. Buckland, F.R.S. — j George Lloyd, M.D., H. E. Strick- 


^eey.,G.B.Greenough,F.R.S.t land, Charles Darwin. 
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Date and Place Presidents i Secretaries 

I 

1840. Glasgow ...I Charles Lyell, F.R.S. — J. Hamilton, D. Milne, Hugh 

I graphy^ G. B. Greenough,' Murray, H. E. Strickland, John 
I F.R.S. I Scoular, M.D. 

1841. Plymouth... II. T. De la Beche, F.R.S. ...W.J. Hamilton, Edward Moore, M.D., 

j R. Hutton. 

1842. Manchester R. L Murchison, F.R.S E. W. Binney, R. Hutton, Dr. R. 

IJoyd, H. E. Strickland. 


1843. Cork Richard E. Griffith, F.R.S,, Francis M. Jennings, H. E. Strick- 

M.R.I.A. I land. 

1814. York Henry Warburton, Pres. G . S. Prof. Ansted, E. H. Bunbury. 

1846. Cambridge. Rev. Prof. Sedgwick, M.A., Rev. J. C. Gumming, A. C. Ramsay, 

F.R.S. Rev. W. Thorp. 

184G. Southamp- Leonard Horner, F.R.S 'Robert A. Austen, Dr. J. IT. Norton, 

ton, , Prof. Oldham, Dr, C, T. Iteke. 

1847. Oxfoid Very Rev.Dr.Buckland, F.R.S.! Prof. Ansted, Prof. Oldham, A. C. 


j Ramsay, J. Rusk in. 

1848. Swansea... Sir H. T. Do la Beche, C.r>., Stalling Itonson, Prof. Oldham, 

F.R.S. I Prof. Ramsay. 

1 849. Birmingham ' Sir Charles Lyell, F.R.S.,’ J. Boete Jukes, Prof. Oldliam, Prof. 

I F.G.S. ! Ramsay. 

1850. Edinburgh* | Sir Roderick I. Murchison,' A. Keitli Johnston, Hugh Miller, 

I F.R.S. j Plot. Nicol. 


SECTION c {continued), — geolocy. 


1851. Ipswich ...! \VilliamHopkins,]\I.A.,F.R.S. ' C. J. F. Bunbury, G. W. Ormcrod, 

1 ' Scarles Wood. 

1852. Belfast i Lieut. -Col. Portlock, R.E., James P>rycc, James IMacAdaiii, 

F.R.S. ' Prof. M‘C<y, Prof. Nicol. 

1853. Hull : Prof. Sedgwick, F.R.S Prof. Haikncss, William Lawton, 

1854. Liverpool.. Prof. Edward Forbes, F.R.S. John Cunningliam, Prof. Harkness, 

I i G. W. Ormerod, J. W. Woodall. 

1855. Glasgow ...[Sir R, I. Murchison, F.R.S.... J. Bryce, Prof. Harkness, Prof. Nicol. 

1856. Cheltenliam Prof. A. C. Ramsay, F.R.S.... l Rev. P. 1>. Brodie, Rev. R. Ilep- 

I ' worth, Edward Hull, J. Scougall, 

I ' T. Wright. 

1857. Dublin The Lord Talbot de Malaliido Prof. HaiKnoss, Gilbert Sanders, 

I Robert H, Scott. 

1858. Leeds | William Hopkins, M.A.,LL.D., Piof. Nicol, H. C. Sorby, E. W. 

i F.R.S. Sliaw. 

1859. Aberdeen... I Sir Charles Lyell, LL.D., Prof, Harkness, Rev. J. Longmuir, 

I D.C.L., F.R.S. ; H. C. Sorby. 

1860. Oxford Rev. Prof. Sedgwick, LL.D., Prof. Harkness, Edward Hull, Capl. 


I F.R.S., F.G.S. Woodall. 

1861. Manchester j Sir R. 1. Murchison, D.C.L., ' Prof. Harkness, Edwaid Hull, T. 

j LL.D., F.R.S. I Rupert Joiu*^, (J. W. Ormerod. 

1862. Cambridge J. Bcete Jukes, M. A., F.R.S. Lucas Barrett, Prof. T. Rupert 

I j Jones, H. C. Sorl^y. 

1863. Newcastle IProf. Warington W. Smyth, lE. F. Boyd, John Daglish, H. C, 

I F.R.S , F.G.S. I Sorby, Thomas Sopwitii. 

3864. Bath jProf. J. Phillips, LL.D., iW. B. Dawkins, J. Johnston, H. C. 

F.R.S., F.G.S. I Sorby, AV. Pengclly. 

1865. Birmingham Sir R. I. Murchison, Bart., ' Rev. P. B. Brodie, J. Jones, Rev. E. 

i K.C.B. ; Myers, H. C. Sorby, AV. Pcngelly. 


* The subject of Geography was separated from Geology and combined witli 
Ethnology, to constitute a separate Section, under the title of the ‘Geographical 
and Ethnological Section ’ ; for Presidents and Secretaries of which see page Ixiv. 
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1866. Nottingham Prof. A. C. Ramsay, LL.D., I R. Etheridge, W. Pengelly, T. Wil- 

E. R.S. I son, O. 11. Wright. 

1867. Dundee ... Archibald Geikie, F.R.S. jE. Hull, W. Pengelly, H. Woodward. 
J868. Norwich ... R. A. C. Godwin- Austen, i Rev. 0. Fisher, Rev. J. Gunn, W. 

F. R.S., F.G.S. I Pengelly, Rev. H. H. Winwood. 

1869. Exeter Prof. R. Darkness, F.R.S.,|W. Pengelly, W. Boyd Dawkins, 

F.G.S. i Rev. H. II. Winwood. 

1870. Liverpool... Sir Philip dc M.GreyEgerton, 'W. Pengelly, Rev. H. H. Winwood, 

Bart., M.P., F.R.S. W. Boj^d Dawkins, G. H. Morton. 

1871. Edinburgh Prof. A. Geikie, F.R.S., F.G.S. R. Etheridge, J. Geikie, T. McKenny 

Hughes, L. C. Miall. 

18 2. Brighton... R. A. C. Godwin-Austen, L. C. Miall, George Scott, William 
F.R.S. , F.G.S. Topley, Henry Woodward. 

1872. Bradford... Prof. J. Phillips, D.C.L., L. C. Miall, R. H. Tiddeman, W. 

F.R.S., F.G.S. Topley. 

1874. Belfast Prof. Hull, M.A., F.R.S., F. Drew, L. C. Miall, R. G. Symes, 

F.G.S. R. H. Tiddeman. 

1875. Bristol Dr.T. Wright, F.R.S.E., F.G.S. L. C. Miall, E. B. Tawney,W. Topley. 

1876. Glasgow ... Prof. John Young, M.D |j. Armstrong, F.W.Rudler,W.Topley. 

1877. Plymouth... W. Pengelly, F.R.S., F.G.S.! Dr. Le Neve Foster, R. H. Tidde- 

I man, W. Topley. 

1878. Dublin John Evans, D.C.L., F.R.S., E. T. Hardman, Prof. J. O’Reill}', 

F.S.A., F.G.S. I R. H, Tiddeman. 

1879. Sheffield ...|Prof. P. M. Duncan, F.R.S. jW. Topley, G. Blake Walker. 

1880. Swansea ... H. C, Sorby, F.R.S , F.G S.... , W. Topley, W. Whitaker. 

1881. York A. 0. Ramsay, LL.D., F.R.S., ;J. E. Clark, W. Keeping, W. Topley, 

F.G.S. ! W. Whitaker. 

1882. Southamp- R. Etheridge, F.R.S., F.G.S. |T. W. Shore, W. Topley, E. West- 

ton. ! j lake, W, Whitaker. 

1883. Southport IProf. W. C Williamson, 'R. Betley, C. E De Ranee, AV". Top- 

LL.D , F.R S. I ley, W. Whitaker. 

1884. Montreal ... W. T. Bianford, F R S., Sec. ^F. Adams, Prof. E. W Claypole, AV. 

G S. ! Topley, AV. AVhitaker. 

1885. Aberdeen... Prof. .L AV. Judd, F.R.S., Sec, C. E I)e Ranee, J. Horne, J. J H. 

G S. ' Teall, AV. Topley 

1886. Birmingham Prof. T. G. Bonney, D.Sc., AV. J Hai risen, J J. H. Teall, AA". 

I LL.D., F.R.S., F’.G.S. TopU'y, W. AV. AVatts. 

1887. Manchester j Henry AVoodward, LL D , J. E. Marr, J. J. H. Teall, AA’’. Top- 

; F.R.S., F.G.S. h!y, AV. AV. AVatts. 

1888. Bath I Prof. AV. Boyd Dawkins, M A., Prof. G. A. Lebour, AV. Topley, AA''. 

F.R S., F.G.S. AA^ AA'atts, H. B. AA^oodward. 

1889. Ncw(!astle- Prof J, Geikie, LL D., D.(\L., Prof. G. A. Lebour. J. E. Marr, AAh 

upon-Tyne F.R S , F.G.S ' AAh AA'alts, 11. B. AA’^oodward. 

1890. Leeds Prof. A. 11, Green, M.A., J. E Bedfoid, Dr F. H Hatch, J. 

F.R S., F G S. E. Alarr, AV. AV AVatts. 

1891. Cardiff ;Prof. T Rupert Jones, F.R.S , ' AV. Galloway, J E. Alarr, Clement 

i F.G.S. I Reid, AV AV. Watt>. 

1892. Edinburgh 'Prof. C. Lapworth, LL D , H. AI. t'adell, J. E. Alarr, Clement 

I F.R.S., FG.S. I Reid, AAh AV. AVatts. 

1893. Nottingham I J. J. H. Teall, ALA., F.R.S., M. W. Carr, J. E. Alarr, Clement 

j F.G.S. j Reid, AV. W. Watts. 

1894. Oxford I L. Fletcher, AI.A., F.R.S. ... F. A. Bather, A TIarker, Clement 

; ! lioid, W. W. Watts. 

Iiiswich ...iW. Whitaker, K.K.S. ...'F. A. Bather, G. W. Lamplugh, H. 

I A. Aliers, Clement Reid. 

1896. Liverpool... J. E. Alarr, AI.A., F.R.S., U. Lomas, Prof. H. A. Aliers, Clement 

Sec. G.S. ! Reid. 

1897. Toronto ...I Dr. G. M. Dawson, C.Af.G., Prof. A. P. Coleman, G. AAh Lamp- 

i F.R. St. ‘ lugh, Prof. H. A. Miers. 
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Date and Place 


Presidents 


Secretaries 


BIOLOGICAL SCIENCES. 

COMMITTEE OF SCIENCES, IV. — ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 

1832. Oxford iRev. P. B. Duncan, F.G.S. ...iRev. Prof. J. S. Henslow. 

1833. Cambridge ' I Rev. W. L. P. Garnons, F.L.S. C. C. Babington, D. Don. 

1831. Edinburgh . I Prof . Graham W. Yarrcll, Prof. Burnett. 


1835. Dublin 

1836. Bristol 

1837. Liverpool... 

1838. Newcastle 

1839. Birmingham 

1840. Glasgow ... 

1841. Plymouth... 

1842. Manchester 

1843. Cork 

1844. York 

1845. Cambridge 

1846. Southamp- 

ton. 

1847. Oxford 


SECTION D. — ZOOLOGY AND BOTANY. 

Dr. Allman J. Curtis, Dr. Litton. 

Rev. Prof. Henslow JJ. Curtis, Prof. Don, Dr. Rile}’’, S. 

j Rootsey. 

W. S. MacLeay jc. C. Babington, Rev. L. Jenyns, W. 

j Swainson. 

Sir W. Jardinc, Bari J. PI. Gray, Prof. Jones, R. Owen,. 

Dr. Richardson. 

Prof. Owen, P'.R.S lE. Forbes, W. Ick, R. Patterson. 

Sir W. J. Hooker, LL.D iProf. W. Couper, E. Forbes, R. Pat- 

I terson. 

John Richardson, M.D.,P.R.S. J. Couch, Dr. Lankester, R. Patterson. 
Hon. and Very Rev. W. Her- ' Dr. Lankester, R. Patterson, J. A. 

bert, LL.D., P\L.S. I Turner. 

William Thompson, F.L.S. ... 'g. J. Allman, Dr. Lankester, R 
I Patterson. 

Very Rev. the Dean of Man- Prof. Allman, H. Goodsir, Dr. King, 
Chester. | Dr. Lankester. 

Rev. Prof. Henslow, F.L.S. ...' Dr. Lankester, T. V. Wollaston. 

Sir J. Richardson, M.D., ; Dr. Lankester, T. V. Wollaston, H. 

F.R.S. 1 Wooldridge. 

H. E. Strickland, M. A., P\R.S. Dr. Lankester, Dr. Melville, T. V. 

Wollaston. 


SECTION D {continued ), — zoology and botany, including physiology. 

[P’or the Presidents and Secretaries of the Anatomical and Physiological Sub- 
.sections and the temporary Section E of Anatomy and Medicine, see p. Ixiii.] 


1848. Swansea ... 


L. W. Dillwyn, P\R.S 


1 849. Birmingham 

1850. Edinburgh 

1851. Ipswich ... 

1852. Belfast 


William Spence, F.R.S 

Prof. Goodsir, P\R.S. L. & E. 

Rev. Prof. Henslow, M.A., 
PkR.S. 

W. Ogilby 


1853. Hull 

1854. Liverpool... 
1856. Glasgow ... 
1866. Cheltenham 


C. C. Babington, M.A., F.R.S. 
Prof. Balfour, M.D., F.R.S.... 
Rev. Dr. P^leeming, PMt.S.Pl. 
Thomas Bell, F.R.S., Pres.L.S. 


1857. Dublin 


Prof. W. H. Harvey, M.D., 

F.R.S. 


Dr. R. Wilbraham P^alconer, A. Hen- 
frey. Dr. Lankester. 

Dr. Lankester, Dr. Russell. 

Prof. J. H. Bennett, M.D., Dr. Lan- 
kester, Dr. Douglas Maclagan. 
Prof. Allman, P\ W. Johnston, Dr. E. 
Lankester. 

Dr. Dickie, George C. Ilyndman, Dr. 

Edwin Lankester. 

Robert Harrison, Dr. B. Lankester. 
Isaac Byerley, Dr. E. Lankester. 
William Keddie, Dr. Lankester. 

Dr. J. Abercrombie, Prof. Buckman, 
Dr. Lankester. 

Prof. J. R. Kinahan, Dr. E. Lankester, 
Robert Patterson, Dr. W. E. Steele. 


* At this Meeting Physiology and Anatomy were made a separate Committee,, 
for Presidents and Secretaries of which see p. Ixiii. 
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1858. Leeds C. C. Babington, M.A., F.K.S. Henry Denny, Dr. Heaton, Dr. E. 

Lankester, Dr. E. Perceval Wright. 

1859. Aberdeen... Sir W.Jardine, Bart., P.R.S.E. Prof. Dickie, M.D., Dr. E. Lankester, 

Dr. Ogilvy. 

1860. Oxford Rev. Prof. Henslow, F.L.S.... W. S. Church, Dr. E. Lankester, P. 

L. Sclater, Dr. E. Perceval Wright. 

1861. Manchester Prof. C. C. Babington, F.R.S. Dr. T. Alcock, Dr. E. Lankester, Dr. 

P. L. Sclater, Dr. E. P. Wright. 

1862. Cambridge Prof. Huxley, F.R.S Alfred Newton, Dr. E. P. Wright. 

1863. Newcastle Prof. Balfour, M.D., F.R.S.... Dr. E. Charlton, A. Newton, Rev. H. 

B. Tristram, Dr. B. P. Wright. 

IS"!. Bath Dr. John E. Gray, F.R.S. ...!H. B. Brady, C. E. Broom, H. T. 

I Stainton, Dr. E. P. Wright. 

1 865. B i r m i n g- T. Thomson, M.D., F.R.S . . . : Dr. J. Anthony, Rev. C. Clarke, Rev. 
ham * 1 H. B. Tristram, Dr. E. P. Wright. 


SECTION D {continued). — biology. 

1866. Nottingham Prof. Huxley, F.R.S. — J)cp. Dr. J. Beddard, W. Felkin, Rev. H. 

Prof. Humphry, B. Tristram, W. Turner, E. B. 
F.R.S. Dcp.of Anthropol.y Tylor, Dr. E. P. Wright. 

A. R. Wallace. 

1867. Dundee ... Prof. Sharpey, M.D., Sec. R.S. C. Spence Bate, Dr. S. Cobbold, Dr. 

— JJej). of Zool. and Hot., M. Foster, H. T. Stainton, Rev. 
George Busk, M.D., F.R.S. H. B. Tristram, Prof. W. Turner. 

1868. Norwich ... Rev. M. J. Berkeley, F.L.S. Dr. T. S. Cobbold, G. W. Firth, Dr. 

- -Bcp. of Phynology, W. Fobtcr, Trot. Lawson, H. T . 

H. Flower, F.R.S. Stainton, Rev. Dr. H. B. Tristram, 

Dr. E. P. Wright. 

1869. Exeter George Busk, F.R.S., F.L.S. Dr. T. S. Cobbold, Prof. M. Foster, 

— Dtp. of Dot. and ZooL, E. Ray Lankester, Prof. Lawson, 
C. Spence Bate, F.R.S.— H. T. Stainton, Rev. H. B. Tris- 
Dep. of Ethno.y E. B. Tylor. tram. 

1870. Liverj^ool... Prof.G. Rollcston, M.A., IM.D., Dr. T. S. Cobbold, Sebastian Evans, 

F.R.S., F.L.S. — Dtp. of Prof. Lawson, Thos. J. Moore, II. 
Anat. and Phy idol., T. Stainton, Rev. H. B. Tristram, 
Foster, M.D., F.L.S. — Dtp. C. Staniland Wake, E. Ray Lan- 
of EtJino.y J. E\ans, F.R.S. kestor. 

1871. Edinburgh. Prof. Allen Thomson, M.D., Dr. T. R. Fraser, Dr. Arthur Gamgee, 

F.R.S.— DtJy;. of Dot. and E. Ray Lankester, Prof. Lawson, 
.^wZ.jProf.WyvilleThomson, H. T. Stainton, C. Staniland Wake, 

I -Dtp. of Anthrtpol.y Dr. W. Rutherford, Dr. Kelburne 

Prof. W. Turner, M.D. King. 

1872. Brighton ... Sir J. Lubbock, Bart., F.R.S.— Prof. Thiselton-D 3 ’cr, H. T. Stainton, 

Dtp, of Anat. and Physiol., Prof. Lawson, F. W. Rudlcr, J. H. 
Dr. Burdon Sanderson, Lamprey, Dr. Gamgee, E. Ray 
F.R.S. — Dep. of Anthropol., Lankester, Dr. Pye- Smith. 

Col. A. Lane Fox, F.G.S. 

1873. Bradford ... Prof. Allman, F.R.S. — Dip. of Prof. Thiselton-Dyer, Prof. Lawson, 

Anat. and Physiol.yVTof.^w- R. M‘Lachlan, Dr. Pye-Smith, R. 
therford, M.i). — Dtp. of An- Ray Lankester, F. W. Rudlcr, J. 

I Dr. Beddoe, F.R.S. H. Lamprey. 


' The title of Section D was changed to Biology; and for the word ‘Sub- 
section,’ in the rules for conducting the business of the Sections, the word ‘Depart- 
ment ’ was substituted. 
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Date and Place Presidents Secretaries 


1874:. Belfast Prof. Redfern, M.D. — Dejp. of W.T.Thiselton-Dyer,R. 0. Cunning- 

Zool. and Bot.^ Dr. Hooker, ham, Dr. J. J. Charles, Dr. P. H. 
C.B.jPrea.R.S. — Dep.ofAn- Pye-Smith, J. J. Murphy, F. W. 
f /<?•<?/>., Sir W.R. Wilde, M.D. Rudler. 

1875. Bristol P. L. Sclater, F.R.S. — Dep.of E. R. Alston, Dr. McKendrick, Prof. 

Anat. mid Physiol., Prof. W. R. M‘Nab, Dr. Martyn, F. W. 

Cleland, F.R.S. — Ikp. of Rudler, Dr. P. H. Pye-Smith, Dr. 

Antliropol., Prof. Rolleston, W. Spencer. 

F.R.S. 

1876. Glasgow ... A. Russel Wallace, F.L.S. — E. R. Alston, Hyde Clarke, Dr. 

J)ip. of Zool. and Bot., Knox, Prof. W. R. M‘Nab, Dr. 

Prof. A. Newton, F.R.S. — Muirhead, Prof. Morrison Wat- 

Bep. of Anat. and Physiol., \ son. 

Dr. J. G. McKendrick. 

1877. Plymouth... J. Gwyn Jelfre 3 "s, F.R.S — ■ E. R. Alston, F. Brent, Dr. D. J. 

I Bip. of Anat. and PhysUd.,\ Cunningham, Dr. C. A. Kingston, 

' Prof. Macalister. — Dtp. of Prof. W. R. M‘Nab, J. B. Rowe, 

j ^lw^/(!nY^^>/.,F.Calton, F.R.S.' F. W. Rudler. 

1878. Dublin iTrof. W. H. Flower, F.R.S.- ; Dr. R. J. Harvey, Dr. T. Hayden, 

I Bep. of Anthropol., Prof.i Prof. W. R. M‘Nab, Prof. J. M. 

I Huxley, Sec. R.S.- Bep.\ Purser, J. B . Rowe, F. W. Rudler. 

I of Anat. and Physiol., R.l 

I McDonnell, M.D., F.R.S. 

1879. Sheffield ... I Prof. St. Geoige Mivart, Arthur Jackson, Prof. W. R. M‘Nab, 

F.R.S. — Bep. of Anthropol., J. B. Rowe, F. W. Rudler, Prof. 

E. B. Tylor, D.C.L., F.R.S. Schafer. 

— Bep. of Anat. and Phy~ \ 

siol.. Dr. P^’e-Smith. j 

1880. Swansea... A. C. L. Gunther, M.D., F.R.S. ,G. W. Bloxam, John Priestley, 

— Bep. of Anat. and PhyA Howard Saunders, Adam Sedg- 
,nol., F. M. Balfour, M.A.,; wick. 

F. R.S. — Bep. of Anthropol., i 
F. W. Rudler,' F.G.S. 1 

1881. York Richard Owen, C.B., F.R.S G. W. Bloxam, W. A. Foibes, Rev. 

— Bep. of Anthropol., Prof. I W. C. Hey, Prof. W. R. M‘Nab, 
W. 11. Flower, F.R.S. — j W. North, John Priestley, Howard 
Bep. of Anat. and Physiol. Saunders, H. E. Spencer. 

Prof. J. S. Burdon Sander- 1 
son, F.R.S. I 

1882. Southamp- Prof. A, Gamgee, M.D., F.R.S. G. W. Bloxam, W. Heape, J. B. 

ton.* —Bep. of Zool. and Bot.,\ Nias, Howard Saunders, A. Sedg- 

Prof. M. A. Lawson, F.L.S. wick, T. W. Shore, juii. 

-Bep. of Anthrojwl., Prof. 

W. Boj'd Dawkins, F.R.S. 

1883. Southport* Prof. E. Ray Lankester, M.A., G. W. Bloxam, Dr. G. J. Haslam, 

F.R.S. — Bep. of Anthropol,, W. Heape, W. Hurst, Prof. A. M. 
W. Pengelly, F.R.S. Marshall, Howard Saunders, Dr. 

G. A. Woods. 

1884. Montreal ... Prof. H. N. Moseley, M. A., Prof. W. Osier, Howard Saunders, A. 

F.R.S. Sedgwick, Prof. R. R. Wright. 

1885. Aberdeen... Prof. W. C. M‘Intosh, M.D., W. Heape, J. McGregor- Robertson, 

LL.D., F.R.S. F.R.S.E. J. Duncan Matthews, Howard 

Saunders, H. Marshall Ward. 

1886. Birmingham W. Carruthers, Pres. L.S., Prof. T. W. Bridge, W. Heape, Prof. 

F.R.S., F.G.S. W. Hillhouse, W. L. Sclater, Prof. 

H. Marshall Ward. 

* The Departments of Zoology and Botany and of Anatomy and Physiology were 
amalgamated. 

* Anthropology was made a separate Section, see p. Ixx. 
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Date and Place , 
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1887. Manchester 

1888. Bath 

1889. Newcastle - 

upon-Tyno 

1890. Leeds 

1891. Cardiff 

1892. Edinburgh 
1 89:i. Nott ingham’ 

1891. Oxford 2 ... 


1895. Ipswich ...j 
189G. Liverpool.,.! 
1897. Toronto ...| 


Presidents 


Prof. A. Newton, M.A , F.R.S., 
F.L.S., V.P.Z.S. 

W. T. Thiselton-Dycr, C.M.G., 
F.R..S., F.L.S. 

Prof. J. S. Burdon Sanderson, 
M.A., M.D., F.K.S. 

Prof. A. Milnes Mar.shall, 
M.A., IM.D., D.Sc., F.R.8. 

Francis Darwin, M.x\., M.B., 
F.R S., F.L.S. 

Prof. W. Rutherford, M.D., 
F.R S , F.R.S E. 

Rev, Canon H. B. Tristram, 
M.A., LL.D , F.R S. 

Prof. I. Bayley Balfour, M A., 
F.R.S. 


SECTION D {continued). 
Prof. W. A. Herdm.in, F.R.S. 

Prof. E. B. Poulton, F.R.vS. ... 
Prof. L. C. Miall, F.B.S 


Secretaries 


C- Bailey, F. E. Beddard, S. F. Har- 
mer, W. Heape, W. L. Sclater, 
Prof. H. Marshall Ward. 

F. E. Beddard, S. P. Harmer, Prof. 
H. Marshall Ward, W. Gardiner, 
ITof. W. D. Halliburton. 

C. Bailey, F. E. Beddard, S. F. Har- 
mcr, Prof. T. Oliver, Prof. H. Mar- 
shall Ward. 

S. F. Harmer, Prof. W. A. Herdman, 
S. J. Hickson, F. W. Oliver, H. 
Wager, H. Marshall Ward 

F, K. Beddard, Prof. W. A, Herdman, 
Dr vS. J. Hickson, G, Murray, Prof. 
W. N. Parker, H. Wager. 

G. Brook, Prof. W. A. Herdman, G. 
INlurray, W. Stirling, H. Wager. 

G. C. Bourne, J. B. Farmer, Prof. 
W. A. Herdman, S. J. Hickson, 
W. B. Ransom, W. L. Sclater. 

W. AV. Benham, Prof. J. B Fnrmer, 
Prof. W. A. Herdman, Prof. vS. J. 
Hickson, G. Munay, AV. L. Sclater, 

— ZOOLOGY. 

G. C. Born no, H. Bio\mi, AV. E. 

Hoyle, AV. Sclater. 

II. O, Forbes, AV. Garstang, W. E. 
Hoyle. 

W. Garstang, AV. E. Hoyle, Prof. 
E. E. JMnee. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 

COMMITTEE OE SCIENCES, V. — ANATOMY AND THYSIOLOGY. 

1833. Cambridge Dr. J. Haviland IDr. H. J. H. Bond, Air. G E. Paget. 

1834. Edinburgh |Dr. Abercrombie IDr. Koget, Dr. William Thomson. 

SECTION B (until 1817 ). — ANATOMY AND MEDICINE. 

1835. Dublin }Dr. J. C. Pritchard | Dr. Harrison, Dr. Hart. 

1830. Bristol Dr. P. AI. Roget, F.R.S Dr. Symonds. 

1837. Liverpool... I Prof. AV. Clark, AI.l) jDr. J. Carson, jun., James Long, 

I I Dr. J. R. AV. Vose. 

1838. Newcastle |T. E. Headlam, Al.D iT. AT. Greenhow, Dr. J. R. AA’'. Vose. 

1839. Birmmgliam|john Yelloly, Al.D., F.R.S. ... I Dr. G. O. Rees, F. Ryland. 

1840. Glasgow ...IJames AVatson, M.D 1 Dr. J. Brown, Prof. Coiiper, Prof Reid. 

SECTION E. — PHYSIOLOGY. 

1811. Plymouth P. AI. Roget, Al.D., Sec. R.S. 'Dr. J. Butter, J. Fuge, Dr. R. S. 

I Sargent. 

1842. Alanchester Edward Holme, Al.D , F.L.S. jDr. Chaytor, Dr. R. S. Sargent. 

1843. Cork Sir James Pitcairn, M.D. ...IDr. John Popliam, Dr. K. S. Sargent. 

1844. York J. C. Pritchard, M.D il. Erichsen, Dr. li. S. Sargent. 

1846. Cambridge Prof. J. Haviland, M.D Dr. R. S. Sargent, Dr. AVebster. 

* Pliysiology was made a separate Section, sec p. Ixx. 

* The title of Section D was changed to Zoology. 
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Date and Place 

Presidents 

1 Secretaries 

1846. Southamp- 

ton. 

1847. Oxford^ ... 

Prof. Owen, M.D., F.R.S. ... * 
Prof. Ogle, M.D., F.R.S 

C. P. Keele, Dr. Laycock, Dr. Sar- 
gent. 

Dr. Thomas K. Chambers, W. P. 


I Ormerod. 


1850. 

1856. 

1867. 

1868. 

1869. 

1860. 

1861. 

1862. 

1863. 

1864. 


1865. 


Edinburgh 
Glasgow ... 

Dublin 

Leeds 

Aberdeen... 

Oxford 

Manchester 
Cambridge * 
Newcastle 
Bath 


Birming- 

ham.- 


PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 

I Prof. Bennett, M.D., F.R.S.E. I 

Prof. Allen Thomson, F.R.S. iProf. J. H. Corbett, Dr. J. Struthers. 

Prof. 11. Harrison, M.D jDr. R. D. Lyons, Prof. Redfern. 

Sir Benjamin Brodie, Bart., C. G. Wlieclhouse. 


F.R.S. 


Prof. Sharpey, M.D., Sec.R.S. 
Prof. Q.Rolleston, M.D. ,F.L.S. 
Dr. John Davy, F.R.S. L.& E. 

G. E. Pagel, M.D 

Prof. Rolleston, M.D., F.R.S. 
Dr. Edward Smith, LL.D., 
F.R.S. 

Prof. Acland, M.D., LL.D., 
1 F.R.S. 


Prof. Bennett, Prof. Redfern. 

Dr. R. M‘Donnell, Dr. Edward Smit li. 
Dr. \V. Roberts, Dr. Edward Smith. 
G. F. Helm, Dr. Edward Smith. 

Dr. D. Embleton, Dr. W. Turner. 

J. S. Bart rum. Dr. W. Turner. 

Dr. A. Fleming, Dr. P. Heslop, 
I Oliver Pembleton, Dr. W. Turner. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 


[For Presidents and Secretaries for Geography previous to 1861, sec Section 
p. Ivii.] 


ETHNOLOGICAL SUBSECTIONS OP SECTION D. 


C, 


1846.Southampton 

1847. Oxford 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh I 


I Dr. J. C. Pritchard 'Dr. King. 

IProf. H. H. Wilson, M.A. ...jProf. Buckley. 

,G. Grant Francis. 

j Dr. R. G. Latham. 

Vice-Admiral Sir A. Malcolm Daniel Wilson. 


SECTION E. — GEOGRAPHY AND ETHNOLOGY. 


1851. Ipswich ... 

1852. Belfast 

1853. Hull. 

1854. Liverpool... 

1855. Glasgow ... 

1856. Cheltenham 

1657. Dublin 


I Sir R. I. Murchison, F.R.S., HI. Gull, Rev. J. W. Donaldson, Dr. 
i Pres. R.G.S. j Norton Shaw. 

! Col. Chesney, R.A., D.C.L., iR. Cull, R. MacAdam, Dr. Norton 
I F.R.S. I Sliaw. 


! R. G. Latham, M.D., F.R.S. 

Sir R. I. Murchison, D.C.L., 

F.R.S. 

Sir J. Richardson, M.D., 
F.R.S. 

I Col. Sir H. C. Rawlinson, 
, K.C.B. 

j Rev. Dr. J. Henthorn Todd, 
I Pres. R.I.A. 


I R. Cull, Rev. H. W. Kemp, Dr. 
j Norton Shaw. 

Richard Cull, Rev. H. Higgins, Dr. 

Hme, Dr. Norton Shaw. 

Dr. W. G. Blackie, R. Cull, Dr. 
Norton Shaw. 

R. Cull, F. D. Hartland, W. H. 

Rumsey, Dr. Norton Shaw. 

R. Cull, S. Ferguson, Dr. R. R. 
Madden, Dr. Norton Shaw. 


' By direction of the General Committee at Oxford, Sections D and E were 
incorporated under the name of ‘ Section D — Zoology and Botany, including Phy- 
Biology’ (see p. lx.). Section B, being then vacant, was assigned in 1851 to 
•Geography. 

2 Vide note on page Ixi. 
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Date and Place 


Presidents 


Secretaries 


1868. Leeds 

1869. Aberdeen... 

1800. Oxford 

1861. Manchester 

1862. Cambridge j 

1863. Newcastle j 

1864. Bath 

I 

1865. Birmingham 

I 

1806. Nottingham 

j 

1867. Dundee ... 

1868. Norwich ... 


Sir R. I. Murchison, G.C.St.S., 
F.R.S. 

Rear - Admiral Sir James 
Clerk Ross, D.C.L., F.R.S. 
Sir R. 1. Murcliison, D.C.L.. 
F.R.S. 

John Crawfurd, F.R.S 

Francis Galton, F.R.S 

Sir R. I. Murchison, K.C.B., 
F.R S. 

, SirR. I. Murchison, K.C.B , 

I F.R.S, 

Major-General Sir H. Raw- 
linson, M.P., K.C.B., F.R.S. 
Sir Charles Nicholson, Bart., 
LL.D. 

Sir Samuel Baker, F.R.G.S. 

Capt. G. H. Richards, R.N., 

F.R.S. 


R. Cull, Francis Galton, P.. O’Cal- 
laghan, Dr. Norton Shaw, Thomas 
Wright. 

Richard Cull, Prof. Geddes, Dr. Nor- 
ton Shaw. 

Capt. Burrows, Dr. J. Hunt, Dr. C. 

Lempri6re, Dr. Norton Shaw. 

Dr. J. Hunt, J. Kingsley, Dr. Nor- 
ton Shaw, W. Spottiswoode. 

J. W.Clarke, Rev. J. Glover, Dr. Hunt, 
Dr. Norton Shaw, T. Wright. 

C. Carter Blake, Hume Greenfield, 
C. R. Markham, R. S. Watson. 

II. W. Bates, C. R. Markham, Capt, 
R. M. Murchison, T. Wright. 

H. W. Bates, S. Evans, G. Jabet, 

C. R. Markham, Thomas Wright. 
H. W. Bates, Rev. E. T. Cusins, R. 

H. Major, Clements R. Markham, 

D. W. Nash, T. Wright. 

H. W. Bates, Cyril Graham, C. R. 
Markham, S. J. Mackie, R. Sturrock. 
T. Baine.s, H. W. Bates, Clements R. 
Markham, T. Wright. 


SECTlOxV E {continued). — GEOGRAPHY. 


1869. Exeter Sir Bartlc Frcre, K.C.B., 

I LL.D., F.R.G.S. 

1870. Liverpool... I Sir R.I.Murchison,Bt., K.C.B., 

I LL.D.,D.C.L.,F.B.S ,F(J.S. 

1871. Edinburgh j Colonel Yule, C.B , F.R.G.S. 

3 872. Brighton ... ' Francis Galton, F.R.S 

1873. Bradford ... I Sir Rutherford Alcock, K.C.B. 

1874. Belfast Alajor Wilson, R.E., F.R.S., 

I F.R.G.S. 

1876. Bristol Lieut. - General Strachey, 

R.E., C.S.I., F.R.S., F.R.G.S. 

1876. Glasgow ... jCapt. Evans, C.B., F.R.S 

1877. Plymouth... *Adm. Sir E. Ommanney, C. B , 

t F.R.S., F.R.G.S., F.R.A.S. 

1878. Dublin Prof. Sir C. Wvville Thom- 

I son, LL.D., F.R.S., F.R SE. 

1879. Sheilicld ... Clements R. Markham, C.B., 

j F.R.S., Sec. R.G.S. 

1880. Swansea ... j Lieut.-Gen. Sir J. H. Lefroy, 

I C.B., K.O.M.G.,R.A., F.R.S, 

1881. York Sir J. D. Hooker, K.C.S.I., 

I C.B., F.R.S. 


H. W. Bates, Clements R. Markham, 
J. H. Thomas. 

H.W. Bates, David Buxton, Albert J. 

Mott, Clements R. Markham. 

A. Buchan, A. Keith Johnston, Cle- 
ments R. Markham, J. H. Thomas. 
H. W. Bates, A. Keith Johnston, 
Rev. J. Newton, J. IL Thomas, 
n. W. Bates, A. Keith Johnston, 
Clements R. Markham. 

E. G. Ravenstein, E. C. Rye, J. H. 
Thomas. 

H. W. Bates, E. C. Rye, F. F. 
Tuckett. 

H. W. Bates, E. C. Rye, R. O. Wood. 
H. W. Bates, F. B. Fox, E. C. Rye. 

John Coles, E. C. Rye. 

H. W. Bates, C. E. D. Black, E. C. 
Rye. 

II. W. Bates, E. C. Rye. 

J. W. Barry, H. W. Bates. 


1882. Southamp- 

ton. 

1883. Southport 

1884. Montreal ... 
•1886. Aberdeen... 

1897. 


Sir R. Temple, Bart., G.C,S.I.,| 
F.R.G.S. 

Lieut.-Col. II. H. Godwin- 
Austen, F.R.S. 

Gen. Sir J. H. Lefroy, C.B,, 
K.C.M.G., F.R.S., V.P.R.G.S. 
Gen. J. T. Walker, C.B., R.E., 
LL.D., F.R.S. 


E. G. Ravenstein, E. C. Rye. 

John Coles, E. G. Ravenstein, E. C, 
Rye. 

Rev.Abb^ Laflamme, J.S. O’Halloran 
E. G. Ravenstein, J. F. Torrance. 

I J. S. Keltic, J. S. O’Halloran, E. G. 
1 Ravenstein, Rev. G. A. Smith. 

d 
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1886. Birmingham Maj.-Gen. Sir. F. J. Goldsmid, F. T. S. Houghton, J. S. Keltie, 

K.C.S.I., C.B., F.R.G.S. E. G. Ravenstein. 

1887. Manchester Col. Sir C. Warren, R.E , Rev, L. C. Casartelli, J. S. Keltie, 

G.C.M.G., F.R S., F.R.G.S. H. J. Mackinder, E. G. Ravenstein. 

1888. Bath Col. Sir C. W. Wilson, R.E, J. S. Keltie, H. J. Mackinder, E. G. 

K.C.B., F.R.S., F.R.G.S. Ravenstein. 

1889. Newcastle- Col. Sir P. de Winton, J, S. Keltie, H. J. Mackinder, R. 

upon-Tyne K.C.M-G., C.B., F.R.G.S. Sulivan, A. Silva White. 

1890. Leeds Lieut.-Col. Sir R. Lambert A. Barker, John Coles, J. S. Keltie, 

Playfair, K.C.M.G., F.R.G.S. A. Silva White. 

1891. Cardiff B. G. Ravenstein, F.R.G.S., John Coles, J. S. Keltie, H. J. Mac- 

F.S.S. kinder, A. Silva White, Dr. Yeats. 

1892. Edinburgh Prof. J. Geikie, D.C.L.,F.R.S., J. G. Bartholomew, John Coles, J. S. 

V.P.R.Scot.G.S. Keltic, A. Silva White. 

1893. Nottingham H. Seebohm, Sec. B S., F.L.S., Col. F. Bailey, John Coles, 11. 0. 

F.Z.S. Forbes, Dr. H. R. Mill. 

1894. Oxford Capt. W, J. L. Wharton, R N., John Coles, W. S. Dalgleisli, H. N. 

F.R.S. Dickson, Dr. H. R. Mill. 

1895. Ipswich ... H. J. Mackinder, M.A., John Coles, 11. N. Dickson, Dr. H. 

F.R.G.S. R. Mill, W. A. Taylor. 

1896. Liverpool... Major L. Darwin, Sec. R.G.S. Col. F. Bailey, H. N, Dickson, Dr. 

H. R. Mill, E. C. DuB. Phillips. 

1897. Toronto ... J. Scott-Keltie, LL.D. Col. F. Bailey, Capt. Dcville, Dr. 

H. R. Mill, J. B. Tyrrell. 

STATISTICAL SCIENCE. 

COMMITTEE OP SCIENCES, VI. — STATISTICS. 

1833. Cambridge / Prof. Babbage, F.R.S | J. E. Drinkwater. 

1834. Edinburgh | Sir Charles Lemon, Bart i Dr. Cleland, C. Hope Maclean. 

SECTION F. — STATISTICS. 

1835. Dublin Charles Babbage, F.R.S W. Greg, Prof. Longfield. 

1836. Bristol Sir Chas. Lemon, Bari., F.R.S. Rev. J. E. Bromby, C. B. Fripp, 

James Heywood. 

1837. Liverpool... Rt. Hon. Lord Sandon W. R. Greg, W. Langton, Dr. W. C. 

Tayler. 

1838. Newcastle i Colonel Sykes, F.R.S W. Cargill, J. Heywood, W.R. Wood. 

1839. Birmingham Henry Hallam, F.R.S F. Clarke, R, W. Rawson, Dr. W. C. 

Tayler. 

1840. Glasgow ... Rt. Hon. Lord Sandon, M.P., C. R. Baird, Prof. Ramsay, R. W. 

F.R.S. Rawson. 

1841. Plymouth... Lieut.-Col. Sykes, F.R.S Rev. Dr. Byrth, Rev. K. Limey, R. 

W. Rawson. 

1842. Manchester G. W. Wood, M.P., F.L.S. ... Rev. R. Luney, G. W. Ormerod, Dr. 

W. C. Tayler. 

1843. Cork Sir C. Lemon, Bart., M.P. ... Dr. D. Bullen, Dr. W. Cooke Tayler. 

1844. York Lieut. - Col. Sykes, F.R.S., J. Fletcher, J. Heywood, Dr. Lay- 

F.L.S, cock. 

1845. Cambridge Rt. Hon. the Earl Fitz william J. Fletcher, Dr. W. Cooke Tayler. 

1846. Southamp- G. R. Porter, F.R.S J. Fletcher, F. G. P. Neison, Dr. W. 

ton. C. Tayler, Rev. T. L. Shapeott. 

1847. Oxford Travers Tvviss, D.C.L., F.R.S. Rev. W. H. Cox, J. J. Danson, F. G. 

P. Neison. 

1848. Swansea ... J. H. Vivian, M.P., F.R.S. ... J. Fletcher, Capt. R. Shortrede. 

1 849. Birmingham Rt. Hon. Lord Lyttelton Dr. Finch, Prof. Hancock, F. G. P. 

Neison. 

1850. Edinburgh [Very Rev. Dr, John Lee, Prof. Hancock, J. Fletcher, Dr. J. 

i V.P.R.S.E. I Stark. 
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1851. Ipswich ... Sir John P. Boilean, Bart. ... J. Fletcher, Prof. Hancock. 

1852. Belfast His Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 

Dublin. MacAdam, jun^ 

185.3. Hull James Hcywood, M.P., F.R.S. Edward Cheshire, W. Newmarch. 

1854. Liverpool... Thomas Tooke, F.R.S E. Cheshire, J. T. Danson, Dr. W. H. 

Duncan, W. Newmarch. 

1855. Glasgow ... R. Monckton IMilnes, M.P. ... J. A. Campbell, E. Cheshire, W. New- 

march, Prof. R. H. Walsh. 


SECTION p { continued ). — economic science and statistics. 


1860. Cheltenham Rt. Hon. Lord Stanley, M.P. Rev. C. H. Bromby, E. Cheshire, Dr. 

W. N. Hancock, W. Newmarch, W. 
M. Tartt. 

1857. Dublin His Grace the Archbishop of Prof. Caiins, Dr. H. D. Hutton, W. 

Dublin, M.R.I.A. Newmarch. 

1858. Leeds Edwaid Baines T. B. Baines, Prof. Cairns, S. Brown, 

Capt. Fishbournc, Dr. J. Strang. 

1859. Aberdeen... Col. Sykes, M.P., F.R.S Prof. Cairns, Edmund Macrory, A. M, 

j Smith, Dr. John Strang. 

1860. Oxford | Nassau W. Senior, M.A Edmund Macrory, W. Newmarch, 


I Prof. J. E. T. Rogers. 

1861. Manchester ! William Newmarch, F.R.S.... David Chadwick, Prof . R. C. Cliristie, 

B. Macrory, Prof. J. B. T. Rogers. 

1862. Cambridge ! Edwin Chadwick, C.B ’h. D. Macleod, Edmund Macrory. 

1863. Newcastle . William Tite, M.P., F.R.S. ... | T. Doubleday, Edmund Macrory, 

Frederick Purdy, James Potts. 

1861. Bath William Farr, M.D., D.C.L.,'E. Macrory, E. T. Payne. F. Purdy. 

F.R.S. 

1865. Birmingham Rt. Hon. Lord Stanley, LL.D., G. J. D. Goodman, G. J. Johnston, 

M.P. E. Macrory. 

1866. Nottingham Prof. J. E. T. Rogers R. Birkin, jun., Prof. Leone Levi, E. 

Macrory. 

1867. Dundee M. E. Grant-Dull, M.P Prof. Leone Levi, B. Macrory, A. J, 

Warden. 

1868. Norwich.... Samuel Brown Rev. W. C. Davie, Prof. Leone Levi. 

1869. Exeter Rt. Hon. Sir Stafford H. North- E. Macrory, F. Purdy, C. T. D. 

cote, Bart., C.B., M.P. Aclaud. 

1870. Liverpool... Prof. W. Stanley Jevons, M.A. Chas. R. Dudley Baxter, E. Macrory, 

J. Miles Moss. 

1871. Edinburgh Rt. Hon. Lord Neaves J. G. Fitch, James Meikle. 

1872. Brighton ... Prof. Henry Fawmett, M.P. ... J. G. Fitch, Barclay Phillips. 

1873. Bradford ... Rt. Hon. W. E. Forster, M.P. J. G. Fitch, Swire Smith. 

1874. Belfast Lord OTIagan Prof. Donnell, F. P. Fellows, Hans 

MacMordie. 

1875. Bristol James Hey wood, M. A., F.R.S., F. P. Fellows, T. G. P. Hallett, E. 

Ih-es. S.S. Macrory. 

1876. Glasgow ... Sir George Campbell, K.C.S.L, A. M‘Neel Caird,T.G.P. Hallett, Dr. 

M.P. W. Neilson Hancock, Dr. W. Jack. 

1877. Plymouth... Rt. Hon. the Earl Fortescue W. F. Collier, P. Hallett, J. T. Pim. 

1878. Dublin Prof. J. K. Ingram, LL.D., W. J. Hancock, C. Molloy, J. T. Pim. 

M.R.I.A. 

1879. Sheffield ... G. Shaw Lefevre, M.P., Pres. Prof. Adamson, R. E. Leader, C. 

S.S. Molloy. 

1880. Swansea ... G. W. Hastings, M.P N. A. Humphreys, C. Molloy. 

1881. York Rt. Hon. M. E. Grant-Duff, C. Molloy, W. W. Morrell, J. F, 

M.A., F.R.S. , Moss. 

1882. Southamp- Rt. Hon. G. Sclater-Booth, G. Baden-Powcll, Prof. H. S. Fox- 

ton. M.P., F.R.S. well, A. Milnes, C. Molloy. 

<1 2 
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1883. Southport R. H. Inglis Palgrave, F.ll.S. I Rev. W. Cunningham, Prof. H. S. 

I Foxwell, J. N. Keynes, C. Molloy. 

1884. Montreal Sir Richard Temple, Bart., Prof. H. S. Foxwell, J. S. McLennan, 

G.C.S.I., C T.E., F R.G.S. I Prof. J. Watson. 

1885. Aberdeen... Prof. H. Sidgwick, LLD.,iRev. W. Cunningham, Prof. H. S. 

I Litt.D. I Foxwell, C. McCombic, J. F. Moss. 

1886. Birmingham I J. B. Martin, M.A., F.S S. 'F. F. Barham, Rev. W. Cunningh.am, 

I I Prof. H. S. Foxwell, J. F. Moss. 

1887. Manchester Robert GilTen, LL.D ,V.P.S.S. j Rev. W. Cunningham, F. Y. Edge- 

I worth, T. II. Elliott, C. Hughes, 
I J. E. C. Munro, G. H. Sargant. 

1888. Bath Rt. Hon. Lord Bramwell, ' Prof. F. Y. Edgeworth, T. H. Elliott, 

LL.D., P.R.S. I H. S. Foxwell, L. L. F. R Price. 

1889. Newcastle- Prof. P\ Y. Edgeworth, M.A., Rev. Dr. Cunningham, T. H. Elliott, 

upon-Tyne F.S.vS. i F. B. Jevons, L. L. F. R. Price. 

1890. Leeds Prof. A. Marshall, M.A.,F.S.S. W. A. Brigg, Rev. Dr. Cunningham, 

I T. H. Elliott, Prof. J. E. C. Munro. 

I L. L. F. R. Price. 

1891. Cardiff Prof. W Cunningham, D D , Prof J. Brough, E. Cannan, Prof. 

DSc., FSS i E. C. K. Conner, H. LI Smitli, 

Prof. W. R. Sorley. 

1892. Edinburgh Hon. Sir C. W. Fremantle. Prof. J. Brough, J. R. Findlay, Prof. 

K.C.B. i E. C. K. Conner, H. Higgs, 

! L. L. F. R, Price. 

1893. Nottingham Prof. J. S. Nicholson, D.Sc , Prof. E C. K. Connor, H. do B. 

F.S.S. I Gibbins, J. A. H Green, H. Higgs, 

j L. L. F. R. Price 

1891. Oxford Prof C F Bastable, MA,'E. Cannan, Prof. E. C. K Conner, 

I F.S S. j W. A. S. Howins, H. Higgs. 

1895. Ipswich ... ' L. L. Piicc, M.A IE. Cannan, Prof. E. C. K. Conner, 

j I H. Higgs. 

1896. Liverpool... ' lit. Hon. L. Courtney, M.P.... !E. Cannan, Prof. E C. K. Connor, 

I W. A. S. Pic wins, H. Higgs. 

1897. Toronto ...jProf. E C. K. Conner, M A. lE. Cannan, H. Higgs, Prof. A. 

I j Shortt. 


MECHANICAL SCIENCE. 

SECTION G. — MECHANICAL SCIENCE. 

1836. Bristol Davies Gilbert, D.C.L., F.R.S. T. C. Bunt, G. T. Clark, W. West. 

3837. Liverpool... Rev. Dr. Robinson Charles Vignoles, Thomas Webster. 

1838. Newcastle Charles Babbage, F.R.S R. Hawthorn, C. Vignoles, T- 

Webster. 

1839. Birmingham Prof. Willis, F.R.S., and Robt. W. Carpmael, William Hawkes, T. 

Stephenson. Webster. 

1840. Glasgow .... Sir John Robinson J. Scott Russell, J. Thomson, J. Tod, 

C. Vignoles. 

1841. Plymouth John Taylor, PMl.S Henry Chattield, Thomas Webster. 

1842. Manchester Rev. Prof. Willis, F'.R.S J. P’. Bateman, J. Scott Russell, J. 

Thomson, Charles Vignoles. 

1843. Cork Prof. J. Macneill, M.R.I.A. ... James Thomson, Robert Mallet. 

1844. York John Taylor, F.R.S Charles Vignoles, Thomas Webster. 

1846. Cambridge George Rennie, F.R.S Rev. W. T. Kingsley. 

1846. South ’mpt'n Rev. Prof. Willis, M.A., F.R.S. William Betts, jun., Charles Manby. 

1847. Oxford Rev. Prof. Walker, M.A., F.R.S. J. Glynn, R. A. Le Mesurier. 

1848. Swansea ... Rev. Prof. Walker, M.A.,PMl.S. R. A. Le Mesurier, W. P. Struv6. 

1849. Birmingh’m Robt. Stephenson, M.P., F.R.S. Charles Manby, W. P. Marshall. 

1850. Edinburgh Rev. R, Robinson Dr. Lees, David Stephenson. 

1851. Ipswich William Cubitt, F.R.S John Head, Charles Manby. 
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1852. Belfast John Walker, C.E., LL.D.Jjolin F. Bateman, C. B. Hancock, 

F.R.S. I Charles !Manby, James Thomson. 

1853. Hull William Fairhairn, F.R.S. J. Oldham, J. Thomson, W.S. Ward. 

1854. Liverpool... John Scott Russell, F.R.S. ... | J. Grantliam,J. Oldham, J. Thomson. 

1855. Glasgow ... W. J. M. Rankine, F.R.S. ... L. Hill, W. Ramsay, J. Thomson. 

1856. Cheltenham George Rennie, F.R.S C. Atherton. B. Jones, H. M. Jeffery. 

1857. Dublin Rt. Hon. the Earl of Rosse, Prof . Downing, W.T. Doyne, A. Tate, 

F.R.S. James Thomson, Henry Wright. 

1858. Leeds William Fairbairn, F.R.S. ... J. C. Dennis, J. Dixon, H. Wright. 

1859. Aberdeen... Rev. Prof. Willis, M.A., F.R.S. ‘ R. Abernethy, P. Le Neve Foster, H. 

I Wright. 

1860. Oxford Prof.W.J.Macquorn Rankine, P. T^e Neve Foster, Rev. F, Harrison, 

LL.D., F.R.S. i Henry Wright. 

1861. Manchester J. F. Bateman, C.E., F.R.S P. Le Neve Foster, John Robinson, 

I n. Wright. 

1862. Cambridge William Fairbairn, F.R.S. |W. M. Fawcett, P. Le Neve Foster. 

1863. Newcastle Rev. Prof. Willis, M. A., F.R.S. . P. Le Neve Foster, P. Westmacott, 

J. F. Spencer. 

1864. Rath J. Hawkshaw, F.R.S P. Le Neve Foster, Robert Pitt. 

1865. Birmingham Sir W. G. Armstrong, LL.D., P. Le Neve Foster, Henry Lea, 

F.R.S. W. P. Marshall, Walter May. 

1866. Nottingham Thomas Hawksley, V.P. Inst. P. Le Neve Foster, J. F. Iselin, M. 

C.E., F.G.S. O. Tarbotton. 

1867. Dundee Prof.W.J.Macquorn Rankine, P. Lc Neve Foster, Jolm P. Smith, 

LL.D., F.R S. W. W. Urquhart. 

1868. Norwich ... G. P. Bidder, C.E., F.R.G.S. P. Le Neve Foster, J. F. Iselin, C. 

! Manby, W. Smith. 

L869. Exeter C. W. Siemens, F.R.S P. Le Neve Foster, IT. Bauerman. 

1870. Liverpool... Chas. B.Vignoles, C.E., F.R.S. II. Bauerman, P. Le Neve Foster, T. 

I King, J. N. Shoolbred. 

1871. Edinburgh Prof. Fleeming Jenkin, F.R.S. | H. Bauerman, A. Leslie, J. P. Smith. 

,872. Brighton ... F. J. Bramwell, C.E 'H. ]\r. Brunei, P. Le Neve Foster, 

j J. G. Gamble, J. N. Shoolbred. 

873. Bradford ... AV. 11. Barlow, F.R.S jCrawford Barlow, H. Bauerman, 

E. H. Carbutt, J. C. Hawkshaw, 

I J. N. Shoolbred. 

874. Belfast Prof. James Thomson, LL.D., | A. T. Atchison, J. N. Shoolbred, John 

C.E., F.R.S.K. [ Smyth, jun. 

875. Bristol W. Froude, C.E., M.A., F.R.S. ' W. R. Browne, H. M. Brunei, J. G. 

Gamble, .1. N. Shoolbred. 

876. Glasgow ... C. W. Merrifield, F.R.S W. Bottomley, jun., W. J. Millar, 

J. N. Shoolbred, J. P. Smith. 

877. Plymouth... Edward Woods, C.E A. T. Atchison, Dr. Merritield, J. N. 

Shoolbred. 

878. Dublin Edward Easton, C.E A. T. Atchison, R. G. Symes, H. T. 

Wood. 

879. ShefEeld ... J. Robinson, Pres. Inst. Mech. A. T. Atchison, Emerson Bainbridge, 

Eng. H. T. Wood. 

880. Swansea ... J. Abernethy, F.R.S. PI A. T. Atchison, H. T. Wood. 

881. York Sir W. G. Armstrong, C.B.,'A. T. Atchison, J. F. Stephenson, 

LL.D., D.C.L., F.R.S. II. T. Wood. 

882. Southamp- John Fowler, C.E., F.G.S. ... A 'i'. Atchison, F. Churton, H. T. 

ton { Wood. 

883. Southport J. Brunlees, Pres. Inst.C E. A. T Atchison, E. Rigg, H. T. Wood. 

884. Montreal... Sir F. J. Bramwell, P\R S., A. T. Atchison, W. B. Dawson, J. 

V.P.Inst.C.E. I Kennedy, H. T. Wood. 

886. Aberdeen... B. Baker, M.Inst.C.E [A. T. Atchison, F. G. Ogilvie, E. 

, I Rigg, J. N. Shoolbred. 

886. Birmingham Sir J. N. Douglass, M.Inst. iC. W. Cooke, J. Kenward, W B 
C.E. 1 Marshall, E. Rigg. 



Ixx 


REPORT 1897 , 


Date and Place Presidents Secretaries 

1887. Manchester Prof. Osborne Reynolds, M. A., C. F. Budenberg, W. B. Marshall, 

LL.D., F.R.S. E. Rigg. 

1888. Bath W. H. Preece, F.R.S., C. W. Cooke, W. B. Marshall, E. 

M.Inst.C.E. Rigg, P. K. Stothert. 

1889. Newcastle- W. Anderson, M.Inst.C.E. ... C. W. Cooke, W. B. Marshall, Hon. 

upon-Tyne C. A. Parsons, E. Bigg. 

1890. Leeds Capt. A. Noble, C.B., F.R.S., E. K. Clark, C. W. Cooke, W. B. 

F.R.A.S. Marshall, E. Rigg. 

1891. Cardiff T. Forster Brown, M.Inst.C.E. C. W. Cooke, Prof. A. C. Elliott, 

W. B. Marshall, E. Rigg. 

1892. Edinburgh Prof. W. C. Unwin, F.R.S., C. W. Cooke, W. B. Marshall, W. C. 

M.Inst.C.E. Popplewell, E. Rigg. 

1893. Nottingham Jeremiah Head, M.Inst.C.E., C. W. Cooke, W. B. Marshall, E. 

F.C.S. Rigg, H. Talbot. 

1894. Oxford Prof. A. B. W. Kennedy, Prof. T. Hudson Beare, C. W. Cooke, 

F.R.S., M.Inst.C.E. W. B. Marshall, Rev. F. J. Smith. 

1895. Ipswich ... Prof. L. F. Vernon-Harcourt, Prof. T. Hudson Beare, C. W. Cooke, 

M.A., M Inst.C E. W. B. Marshall, P. G. M Stoney. 

1896. Liverpool... Sir Douglas Fox, V.P.Inst.C.E Prof. T. Hudson Beare, C. W. Cooke, 

B. Dunkerley, W. B. Marshall. 

1897. Toronto ... G. F. Deacon, M.Inst C.E. Prof. T. Hudson Beare, Prof . Callen- 

I dar, W. A. Price. 

SECTION 11.— ANTHROPOLOGY. 

1884. Montreal... E. B. Tylor, D.C.L., F.R.S. ... G. W. Bloxam, W. Hurst. 

1885. Aberdeen... Francis Galton, M.A., F.R.S. G. W. Bloxam, Dr. J. G. Garson, \V. 

Hurst, Dr. A. Maegregor. 

188G. Birmingham Sir G. Campbell. K.C.S.I, O W. Bloxam, Dr. J. G. Garson, W. 

M.P , D.C.L , F.R.G B. Hurst, Dr. R. Saundby. 

1887. Manchester Prof. A. H. Bayce, M.A G. W. Bloxam, Dr. J. G. Garson, Dr. 

A. M. Paterson. 

1888. Bath Lieut.-General Pitt-Rivers, G. W. Bloxam, Dr. J. G. Garson, J. 

D.C.L., F.R.S. Harris Stone. 

1889. Newcastle- Prof. Sir W. Turner, M.B., G W. Bloxam, Dr. J. G. Garson, Dr. 

upon-Tyne LL.D., F.R.S. R. Morison, Dr. R, Howden. 

1890. Leeds Dr. J. Evans, Treas. R S,, G. W. Bloxam, Dr. C. M. Chadwick, 

F.S.A., F.L.S , F.G B. Dr J. G Garson. 

1891. Cardiff Prof. F. Max Muller, M.A. ... G. W. Bloxam, Prof. R. Howden, H. 

Ling Roth, E. Seward. 

1892. Edinburgh Prof. A. Macalister, M.A , G. W. Bloxam, Dr. D. Hepburn, Prof. 

M.D., F.R S. R. Howden, H Ling Roth. 

1893. Nottingham Dr. R. Miinro, M.A., F.R.S E. G. W. Bloxam, Rev. T. W. Davies, 

Prof. R. Howden, F. B. Jevons, 
J L. Myres. 

1894. Oxford Sir W. H. Flower, K C 13 , 11. Balfour, Dr. J. G. Garson, H Ling 

F.R S. Roth. 

1895. Ipswich ... Prof. W. M. Flinders Petrie, J. L. Myres, Rev. J. J. Raven, 11. 

D.C.L. Ling Roth. 

1896. Liverpool... Arthur J. Evans, F.S.A Prof. A. C. Haddon, J. L. Myres, 

Prof. A. M. Paterson. 

1897. Toronto ... Sir W. Turner, F.R B A F. Chamberlain, H. O. Forbes, 

I Prof. A. C. Iladdon, J. L. Myres. 

SECTION I. — PHYSIOLOGY (including Experimental 
Pathology and Experimental Psychology). 

1894. Oxford Prof. E. A. Schafer, F.R.S., Prof. F. Gotch, Dr. J. S. Haldane, 

M.R.C.S, M. S. Pembrey. 

1896. Liverpool... Dr. W. H. Gaskell, F.R.S. Prof . R Boyce, Prof. C.S. Sherrington. 

1897. Toronto ... Prof. Michael Foster, F.R.S. Prof. R. Boyce, Prof. C. S. Sherring- 

ton, Dr. L. E. Shore. 
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SECTION K.— BOTANY. 

1895. Ipswich ... W. T. Thisolton-Dyer, F.R S. A. C. Seward, Prof. P. E. Weiss. 

1896. Liverpool... Dr. D. H. Scott, F.R.S Prof. Harvey Gibson, A. C. Seward, 

Prof. F. E. Weiss. 

1897. Toronto ... Prof. Marshall Ward, F.R.S. Prof. J. B. Farmer, E. C. Jeffrey, 

A. C Seward, Prof. F. E. Weiss. 

LIST OF EVENINO LECTURES. 


Date and Place Lecturer Subject of Discourse 


1842. Manchester Charles Vignoles, F.R.S The Principles and Construction of 

Atmospheric Railways. 

Sir M. I. Brunei The Thames Tunnel. 

R. I. Murchison The Geology of Russia. 

1843. Cork Prof. Owen, M.D., F.R.S The Dinornis of New Zealand. 

Ih’of. E. Forbes, F.R.S The Distribution of Animal Life in 

the .dSgean Sea. 

Dr. Robinson The Earl of Rosse’s Telescope. 

1844. York (;hai les Lycll, F.R.S Geology of Nortli America. 

Dr. Falconer, F.R.S The Gigantic Tortoise of the Siwalik 

Hills in India. 

1845. Cambridge C.B.Airy, F.R.S ,Astron.Royal Progress of Teriestrial Magnetism. 

R. T. Murchison, F.R.S Geology of Russia. 

1846. Southamp- Prof. Owen, M.T)., F.R.S. ... Fossil Mammaliaof the British Isles. 

ton. Cliarles Lyell, F.R.S Valley and Della of the Mississippi. 

W. it. Grove, F.R.S i’rop«'rtiesof tlioExplosiveSubstance 

discovered by Dr. Schonbein ; also 
some Researches of his own on the 
Decomposil ion of Water by Heat. 

1847. Oxford Rev. Prof. B. Powell, F.R.S. Sliooting Stars. 

Prof. M. Faraday, F.R.S Magnetic and Diamagnetic Pheno- 

mena. 

Hugh E. Strickland, F.G.S.... The Dodo {r>idus inejftus'). 

1848. Swansea ... John Percy, M.D., F.R.S Metallurgical Operations of Swansea 

and its Neighbourhood. 

W. Carpenter, M.D., F.R.S.. . Recent Microscoihcal Discoveries. 

1849. Birmingham Dr. Faraday, F.R.S Mr. (iassiot’s Battery. 

Rev. Prof. Willis, M.A., F.R.S. Transit of ditlereiit Weights with 
varying Velocities on Railways. 

1850. Edinburgh Piof. J. II. Bennett, M D., Passage of the Blood through the 

F.R.S.E. minute vessels of Animals in con- 

nection witli Nutrition. 

Dr. M.antell, F.R.S Extinct Ihrd.s of New Zealand. 

1851. Ipswich ... Prof. R. Owen, M.D., F.R.S. Distinct ion bet ween Plants and Ani- 

mals, and tlieir changes of Form. 

(}.B.Airy,F.R.S.,Astron.Royal Total Solar Ech})se of July 28, 1851. 

1852. Belfast Prof G. G. Stokes, D.C.L., Recent Discoveries in the properties 

F.R.S. of Light. 

Colonel Portlock, R.E., F.R.S. Recent Discovery of Rock-salt at 
Carrickfergus, and geological and 
practical considerations connected 
with it. 

1863. Hull Prof. J. Phillips, LL.D., F.R.S., Some peculiar Phenomena in the 

P\G.S. . GeoloLT)' and Physical Geography 

of Yorkshire. 

Robert Hunt, F.R.S The present state of Photography. 
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1854. Liverpool... Prof. K. Owen, M.D., F.Il.S. Anthropomorphous Apes. 

Col. E. Sabine, V.P.R.S Progress of Researches in Terrestrial 

Magnetism. 

1855. Glasgow ... Dr. W. B. Carpenter, F.R.S. Characters of Species. 

Lieut. -Col. 11. Rawlinson ... Assyrian and Babylonian Antiquities 
and Ethnology. 

1856. Cheltenham Col. Sir H. Rawlinson Recent Discoveries in Assyria and 

Babylonia, with the results of 
Cuneiform Research up to the 
present time. 

W. R, Grove, F.R.S Correlation of Physical Forces. 

1857. Dublin Prof. W. Thomson, F.R.S. ... The Atlantic Telegraph. 

Rev. Dr. Livingstone, D.C.L. Recent Discoveries in Africa. 

1858. Leeds Prof. J. Phillips, LL.D., F.R.S. The Ironstones of Yorksliire. 

Prof. R. Owen, M.D., F.R.S. The Fossil Mammalia of Australia. 

1859. Aberdeen... Sir R. T. Murchison, D.C L.... Geolo^of the Northern Highlands. 

Rev. Dr. Robinson, F.R.S. ... Electrical Discharges in highly 
rarefied Media. 

1860. Oxford Rev. Prof. Walker, F.R.S. ... Physical Constitution of the Sun. 

Captain Sherard Osborn, R.N. Arctic Discovery. 

1861. Manchester Prof.W. A. Miller, M.A., F.R.S. Spectrum Analysis. 

G. B. Airy, F.R.S., Astron. The late Eclipse of the Sun. 

Royal. 

1862. Cambridge Prof. Tyndall, LL.D., F.R.S. The Forms and Action of Water. 

Prof. Odling, F.R.S Organic Chemistry. 

1863. Newcastle Prof. Williamson, F.R.S The Chemistry of the Galvanic Bat- 

tery considered in relation to 
Dynamics. 

James Glaisher, F.R.S The Balloon Ascents made for the 

British Association. 

1864. Bath Prof. Roscoe, F.R.S The Chemical Action of Light. 

[Dr. Livingstone, F.R.S Recent Travels in Africa. 

1865. Birmingham ;J. Beete Jukes, F.R.S Probabilities as to the position and 

extent of the Coal-measures be- 
neath the red rocks of the ^Mid- 
land Counties. 

1866. Nottingham William Huggins, F.R.S The results of Spectrum Analysis 

applied to Heavenly Bodies. 

Dr. J. T). Hooker, F.R.S Insular Floras. 

1867. Dundee Archibald Geikie, F.R.S.. The Geological Origin of the present 

Scenery of Scotland. 

Alexander Iler.schcl, F.R.A.S. The present state of Knowledge re- 
garding Meteors and Meteorites. 

1868. Norwich ... J. Fergusson, F.R.S Archaiology of the early Buddhist 

Monuments. 

Dr. W. Odling, F.R.S Reverse Chemical Actions. 

1869. Exeter Prof. J. Phillips, LL.D., F.R.S. Vesuvius. 

J. Norman Lockyer, F.R.S. .. The Physical Constitution of the 
Stars and Nebulae. 

1870. Liverpool... Prof. J. Tyndall, LL.D., F.R S. TheScientificUsoof thelmagination. 

Piof.W. J. IMacquornRankine, Stream-lines and Waves, in connecr 
LL.D., F.R.S. lion with Naval Architecture. 

1871. Edinburgh F. A. Abel, F.R.S Some Recent Investigations and Ap- 

plications of Explosive Agents. 

E. B. Tylor, F.R.S The Relation of Primitive to Modern 

Civilisation. 

1872. Brighton ... Prof. P. Martin Duncan, M.B., Insect Metamorphosis. 

F.R.S. 

Prof. W. K. Clifford The Aims and Instruments of Scien- 

• tific Thought. 
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Date and Place Lecturer Subject of Discourse 

873. Bradford ... Prof. W. C.Williamson,F.R.S. Coal and Coal Plants. 

Prof. Clerk Maxwell, F.R.S. Molecules. 

874. Belfast Sir John Lubbock, Bart., M.P., Common Wild Flowers considered 

F.R.S. in relation to Insects. 

Prof. Iluxley, F.R.S The Hypothesis that Animals are 

Automata, and its History. 

876. Bristol W.Spottiswoode,TiL.D., F.R.S. The Colours of Polarised Idght. 

F. J. Bramwcll, F.R.S Railway Safety Appliances. 

S76. Glasgow ... Prof. Tait, F.R.S. E Force. 

Sir Wyville Thomson, F.R.S. The Expedition. 

377. Plymouth ... W. Warington Smyth, M.A., Physical Phenomena connected with 

F.R.S. ! the Mines of Cornwall and Devon. 

Prof. (Idling, F.R.S Tlie New Element, Gallium. 

378. Dublin G. J. Romanes, F.L.S : Animal Intelligence. 

Prof. Dewar, F.R.S ! Dissociation, or Modern Ideas of 

I Clieraical Action. 

879. Sheffield ... W. Crookes, F.R.S Radiant Matter. 

Prof. E. Ray Lankester, F.R.S. Degeneration. 

880. Swansea ... Prof. W.Boyd Dawkins, F.R S. Primeval Man. 

Francis Gallon, F.R S Mental Imagery. 

881. York Prof. Huxley, Sec. R S The Rise and Progress of Palaeon.' 

tology. 

W. Spottiswoodc, Pres. R.S.... The Electric Di.scharge, its Forms 

and its Functions. 

882. Southamp- Prof. SirWm. Thomson, F.R.S. Tides. 

ton. Prof. H. N. Moseley, F.R.S. | Pelagic Life. 

883. Southport Prof. R. S. Ball, F.R.S 'Recent Researches on the Distance 

I of the Sun. 

Prof. J G. McKcndrick Galvanic and Animal Elcctiicity. 

884. Montreal... Prof. (). J. liodge, D.Sc Dust. 

Rev. W. H. Dallmgcr, F.R.S. The Modern Microscope in Re.* 

1 searches on the Least and Lowest 
1 Forms of Life. 

886. Aberdeen... Prof. W. G. Adams, F.R S ... The Electric Light and Atmospheric 

1 Absorption. 

John Murra 3 % F R S K i The Great Gcean Basins. 

386. Birmingham A. W. Riickcr, M.A., F.R S. ! Soap Bubbles. 

Prof. W. Rutherford, M.D. ... The Sen.se of Hearing. 

387. Manchester Prof. H. B. Dixon, F.R.S. ... /The Rate of Explosions in Gases. 

Col. Sir F. de Winton Explorations in Central Africa. 

388. Bath Prof. W. E. Ajurton, F.R.S. ... The Electrical Transmission of 

Power. 

Prof T. G. Bonney, D Sc , The Foundation Stones of the Earth’s 
F.R.S. Crust. 

389. Newcastle- Prof. W. C. Roberts-Austen, The Hardening and Tempering of 

upon-Tyne F.R.S. Steel. 

Walter Gardiner, M.A How Plants maintain themselves in 

the Struggle for Existence. 

390. Leeds E. B. Poulton, M.A., F.R.S.... Mimicry 

Prof. C. Vernon Boys, F R S. 1 Quartz Fibres and their Applications. 

191. Cardiff Prof. L. C. Miall, F.L.S. ,F.G.S. i Some Difficulties in tlie Life of 

Aquatic Insects. 

Prof. A.W. Rucker, M.A., F.R.S. Electrical Stress. 

!92. Edinburgh Prof. A. ^l. Marshall, F.R.S. Pedigrees. 

Prof. J. A. Ewing, M. A., F.R.S. | Magnetic Induction. 

193. Nottingham Prof. A. Smitliells, B.Sc. I Flame. 

Prof. Victor Horsley, F.R.S. The Discovery of the Physiology of 

the Nervous System. 

194. Oxford J. W. Gregory, D.Sc., F.G.S. Experiences and Prospects of 

African Exploration. 



REPORT — 1897 . 


1 

.e 

Lecturer 

.ord 

Prof. J.Shield Nicholson, M.A. 

Ipswich . . . 

1 

Prof. S. P. Thompson, F.R.S. 
Prof. Percy F. Fraiikland, 
F.R.S. 

1896. Liverpool... 

Dr. F. Elgar, F.R S 

Prof. Flinders Petrie, D.C.L. 

1897. Toronto ... 

Prof. Roberts Austen, F.R.S. 
J. Milne, F.R.S 


Subject of Discourse 


Historical Progress and Ideal So- 
1 cialism. 

Magnetism in Rotation. 

The Work of Pasteur and its various 
Developments. 

Safety in Ships. 

Man before Writing. 

Canada’s Metals. 

Earthquakes and Volcanoes. 


LECTUEES TO THE OPEEATIVE CLASSES. 


Date and Place 


Lecturer 


Subject of Discourse 


1867. Dundee 

1868. Norwich ... 

1869. Exeter 


1870. Liverpool... 

1872. Brighton ... 
187.S. Bradford ... 

1874. Belfast 

1876. Bristol 

1876, Glasgow ... 

1877. Plymouth... 

1879. Sheffield ... 

1880. Swansea ... 

1881. York 

1882. Southamp- 

ton. 

1883. Southport 

1884. Montreal ... 

1885. Aberdeen ... 

1886. Birmingham 

1887. Manchester 

1888. Bath 

1889. Newcastle- 

upon-Tyne 

1890. Leeds 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingliam 

1894. Oxford 

1896. Ipswich ... 

1896. Liverpool... 

1897. Toronto ... 


Prof. J. Tyndall, LL.D.,E.R.S. 
Prof. Huxley, LL.D., F.R.S. 
Prof. Miller, M.D., F.R.S. ... 


Sir John Lubbock, Bart.,M.P., 
F.Pv.S. 

W.Spottiswoodc, LL.D., F.R.S. 
C. W, Siemens, D.C.L., F.R.S. 

Prof. Odling, BMi.S 

Dr. W. B. Carpenter, F.R.S. 
Commander Cameron, C.13., 
K.N. 

W. H. Prcece 

W. E. Ayrton 

11. Seebohm, F.Z S 

Prof. Osborne Reynold.^, 
F.R.S. 

John Evans, D.C.L.,Treas.R.S. 

Sir F. J. Bramwell, F.R S. ... 

Prof. R. S. Ball, F.R S 

H. B. Dixon, M A 

Prof. W. C. Roberts-AiLstcn, 
F R S 

Prof. G. Forbes, F.R S 

Sir John Lubbock, Bart., M.P., 
F.R.S. j 

B. Baker, M.Inst.C.E ! 


Matter and Force. 

A Piece of Chalk. 

Experimental Illustrations of the 
modes of detecting the Composi- 
tion of the Sun and other Heavenly 
Bodies by the Spectrum, 

Savages. 

SuiLshine, Sea, and Sky. 

Fuel. 

The Discovery of Oxygen. 

A Piece of Limestone. 

A Journey through Africa. 

T(‘legraphy and the Telephone. 

Electricity as a Motive Power. 

The North-East Passage. 

Raindrops, Hailstones, and Snow- 
flakes. 

Unwritten History, and how to 
read it. 

Talking by Electricity — Telephones, 

Cornets 

The Nature of Explosions. 

The Colours of Metals and their 
Alloys. 

Electric Lighting. 

The Customs of Savage Races. 

The Forth Bridge. 


Prof. J. Perry, D Sc., F.R S. 
Prof. S. P. Thompson, F.R.S. 
Prof. C. Vernon Boys, F.R.S. 

Prof. Vivian B. Lewes 

Prof. W. J. Sollas, F.R.S. ... 

Dr. A. H, Fison 

Prof. J A. Fleming, F.R.S.... 
Dr. H. 0. Forbes 


Spinning Tops. 

Electricity in Mining. 
Electric Spark I’hotographs. 
Spontaneous Combustion. 
Geologies and Deluges. 
Colour. 

The Earth a Great Magnet. 
New Guinea. 
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OFFICERS OF SECTIONAL COMMITTEES PRESENT AT 
THE TORONTO MEETING. 

SECTION A. — MATHEMATICAL AND PHYSICAL SCIENCE. 

President. — Professor A. R. Forsyth, M.A., D.Sc., F.R.S. 

Vice-Presidents. — Prof. W. E. Ayrton, F.R.S. ; Prof. G. C. Foster, F.R.S. ; 
Prof. Henrici, F.R.S. ; Dr. G. W. Hill ; Prof. A. Johnson, M.A., 
LL.D. ; Lord Kelvin, G.C.V.O., F.R.S. ; Prof. O. J. Lodge, D.Sc., 
F.R.S. ; President Loudon ; Prof. A. A. Michelson ; Prof. S. 
Newcomb. 

Secretaries.-— Pvoi. W. H. Heaton, M.A. {Recorder) ; J. C. Glashan. ; 
J. L. Howard, D.Sc. ; Prof. J. C. McLennan, B.A. 

SECTION B. — CHEMISTRY. 

President. — Prof. W. Ramsay, F.R S. 

Vice-Presidents. — Prof. G. F. Barker ; Prof. F. W. Clarke ; Prof. H. B. 
Dixon, F.R.S.; W. R. Dunstan, F.R.S. ; Prof. B. J. Harrington ; 
Prof. Vj. W, Morley ; Prof. W. H. Pike ; Prof. 1 . Remsen ; Prof. 
W. C. Roberts -Austen, F.R.S. 

Secretariats. — Prof. W. H. Ellis ; Artliur Harden {Recorder) ; Charles 
A. Kohn ; Prof. R. F. Ruttan. 

SECTION C. — GEOLOGY. 

President. — Dr. G. M. Dawson, C.M.G., F.R.S. 

Vice-Presidents. — Dr. \V. T. Blanford, F.R.S. ; Prof. C. LeNeve Foster, 
D.Sc., F.R.S. ; Prof. G. K, Gilbert ; Prof. H. Alleyne Nicholson, 
M.D., D.Sc., F.R.S. 

Secretaries. — Prof. A. P. Coleman, M.A., Ph.D. ; G. W. Lamplugh ; 
Prof. II. A. Miers, F.R.S. {Recorder). 

SECTION D. — ZOOLOGY. 

President.— Trot. L. C. Miall, F.R.S. 

Vice-Presidents. — Prof. W. A. Herdman, D.Sc., F.R.S. ; Prof. R. Meldola, 
F.R.S. ; Prof. E. B. Poulton, D.C.L., F.R.S. ; Prof. R. Ramsay 
Wright, M.A., B.Sc. 

Secretaries. — Walter Garstang, M.A. ; Prof. E. E. Prince, B.A. ; W. E. 
Hoyle, M.A, {Recorder). 

SECTION E. — GEOGRAPHY. 

President. — J. Scott-Keltie, LL.D. 

Vice-Presidents. — Dr. Burwash ; E. G. Ravenstein ; Prof. Albrecht 
Penck ; F. C. Selous ; Coutts Trotter. 
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SECTION F. — ECONOMIC SCIENCE AND STATISTICS. 

President . — Professor E. C. K. Conner, M.A.^ 

Vice-Presidents. — Prof. W. Clark, M.A., LL.D. ; Prof. J. Mavor ; the 
Hon. Sir C. W. Fremantle, K.C.B. 

Secretaires. — E. Cannan, M.A. ; Prof. A. Shortt, M.A. ; Henry Higgs, 
LL.B. (^Recorder). 


SECTION G. — MECHANICAL SCIENCE. 

President. — G. F. Deacon, M.Inst.C.E. 

Vice-Presidents. — Prof. W. E. Ayrton, F.R.S. ; Prof. H. T. Bovey, M.A. ; 
Prof. John Galbraith, M.A. ; Prof. G. Lanza ; Prof. \V. C. Unwin, 

F.R.S. 

Secretaries. — Prof. T. Hudson Beare, F.R.S.E. (Recorder) \ W. A. Price, 
M.A. ; Prof. Callendar, M.A., F.R.S. 


SECTION II. — ANTHROPOLOGY. 

President.— Proi. Sir W. Turner, M.D,, LL.D., F.R.S. 

Vice-Presidents. — E. \V. Brabrook, C.B., Pres. Anthr. Inst. ; Prof. A. 
Macalister, M.D., F.R.S. ; R. Munro, M.D., F.R.S.E. ; Dr. W. J. 
McGee ; Prof. F. W. Putnam, D.Sc. 

Secretaries. — A. F. Chamberlain, Ph.D. ; H. O. Forbes, LL D. ; Prof. 
A. C. Haddon, D.Sc. ; J. L. Myre.s, M.A., F.S.A. (Recorder). 


SECTION I. — PHYSIOLOGY. 

President. — Prof. Michael Foster, M.A., LL.D., Sec. R.S. 

Vice-Presidents . — Lord Lister, P.R.S. ; Surgeon-General J. S. Billings ; 
Prof. H. P. Bowditch, M.D. ; W. H. Gaskell, M.D., F.R.S. ; Prof. 
A. B. Macallum, M.B., Ph.D. ; Prof. W. Osier, M.D. ; Prof. C. 
Richet, M.D. ; Prof. A. D. Waller, M.D., F.R.S. 

Secretaries. — Prof. Rubert Boyce, M.B. (Recorder) ; Prof. C. S. Sherring- 
ton, M.D., F.R.S. \ L. E. Shore, M.D. 

SECTION K. — BOTANY. 

President. - Proi. Marshall Ward, Sc.D., F.R.S. 

Vice-Presidents. — Prof. D. P. Penhallow, M.A. ; Prof. Farlow, M.D., 
LL.D. ; Prof. F. O. Bower, Sc.D., F.R.S. 

Secretaries. — E. C. Jeffrey, B.A. ; Prof. Bretland Farmer, M.A. ; A. C. 
Seward, M.A. ; Prof. F. E. Weiss, B.Sc. (Recorder). 


‘ Prof. Conner was unable to attend the Meeting. 
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PRESIDENT. 

SIR JOHN EVANS, D.C.L., LL.D., F.S.A., Treasurer of the Royal Society of Lomloii. 

VICE-PRESIDENTS. 


His Excellency the Right Hon. the Earl op 
A.BKBDKXN, G.C.M.G., Governor-General of the 
Dominion of Canada. 

The Right Hon. the Lord Ratleigh, M.A., 
D.O.L., F.R.S., F.R.A.8. 

The Right Hon. the Lord Kki.vin, G.O.Y O., M.A., 
LL.D., D.O.L., P.R S., F.R.S E 

The Kt. Hon. Sir Wilfrid Laurikr, G G M.Q., 
Prune Minister of the Dominion of Canswia. 

Hia Honour the Lieutenant-Governor of the 
Province of Ontario. 


The Hon. the Premier of the Province of Ontario. 
The Hon. the Minister op Education for the 
Province of Ontario. 

The Hon. Sir Charles Tupper, Bart., G.C.M.G., 
O.B., LL.D. 

Sir William Dawson, C.M.G , F.R.S. 

The Mayor of Toronto. 

Professor J. Loudon, M.A., LL.D., President of 
the University of Toronto. 


ELECT. 


PRESIDENT 
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The Right Hon. the Earl of Ducie, F.R.S., F G.S. 
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The Right Hon. Sir Edward Fry, D.C.L., F R.S., 
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Sir F. J. Buamwell, Bart , D.O.L., F.R.S. 

The Right Worshipful the Mayor of Bristol. 


The Principal of University College, Bristol 
The Master of the Society of Merchant Venturers 
of Bristol. 

John Blddoe, M D., LL.D., F R.S. 

Professor T. G. Bonney, D.Sc , LL.D., F.R S., F.S.A., 
F.G.S. 


GENERAL SECRETARIES. 
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Thompson, Professor S. P., F.R.S. 

Thomson, Professor J. M., P.R S. 

Tylor, Professor E B., F.R S. 
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EX-OFFIClO MEMBERS OF THE COUNCIL. 
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Secretaries for the ensuing Meeting. 

TRUSTEES (PERMANENT). 
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The Duke of Argyll, K.G., K.T. 
Lord Armstrong, C.B., LL.D. 
Sir Joseph D. Hooker, K.C.S.I. 
Sir G. G. Stokes, Bart., F.R.S. 
T.ord Kelvin, G.thV.O,, F.R.S. 
Prof. A. W. Williamson, F R S. 
Prof. AUman, M.D., F.R.S. 

Sir John Lubbock, Bart., F.R.S. 


Lord Rayleigh, D.C.L., F.R.S. 
Lord ria> fair, G.O B , F.R.S. 

Sir Wm, Dawson, C.M.G., F.R S. 
Sir H, E. Roscoe, D.C L., F.R.S. 
Sir F. J. Bramwell, Bart , F.R.S. 
Sir W. H. Flower, K.C B , F R S. 
Sir F. A. Abel, Bart., K.O.B., 
F.R.S. 


Sir Wm. Huggins, K.O.B., F R.S. 
Sir Archibald G eikie, LL.D., F.R 
Prof.J S.Burdon Sanderson, F.R S. 
Tlio Marquis of Salisbury, K.Q., 
F R S. 

Sir Douglas Galton, K.C B , F.R S. 
Lord Lister, D.O.L., Pre8.R S. 


GENERAL OFFICERS OF FORMER YEARS. 


P Galton, Esq., F.R.S. 

Prof. Michael Foster, Sec.R.S. 
G. Griffith, Esq., M.A. 

Profeasor H. McLeod, F.R.S. 


P. L. Selater, Esq., Ph.D., F.R.S. Prof. A. W. Williamson, F R S. 
vSir Douglas Galton, K.C.B,, P.R.S. A. Vernon Harcourt, Esq , F.R.S. 
Prof. T. G. Bonney, D.Sc., F.R.S. 


AUDITORS. 

I Dr. J. H. Gladstone, F.R.S. 


I Dr. D. H. Scott, F.R.S. 
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Br. 

1896-97. 


THE GENERAL TREASURER’S ACCOUNT, 


RECEIPTS. 


Balance brought forward 

Life Compositions 

New Annual Members’ Subscriptions 

Annual Subscriptions 

Sale of Associates’ Tickets 

Sale of Ladies’ Tickets 

Sale of Publications 

Interest on Deposit at Liverpool Bank 

Interest on Exchequer Bills 

Dividends on Consols 

Dividends on India 3 per Cents 

Unexpended Balances of Grants returned ; — 


Erratic Blocks Committee £l .3 0 

Corresponding Societies Committee 0 8 10 

Calibration Committee 15 18 11 

Ethnographical Survey Committee 3 17 0 

Electrical Standards Committee 16 15 10 

Income Tax returned 

Sale of' Tickets for Toronto Meeting (to June 30) - 

Life Members 40 0 0 

Annual Members 26 0 0 

New Annual Members 24 0 0 

Associates 32 0 0 


£ i. d. 

957 15 3 
490 0 0 
336 0 0 
580 0 0 
1369 0 0 
873 0 0 
217 18 
18 16 0 
3 12 6 
200 7 4 
104 8 0 


38 3 7 
30 8 6 


122 0 0 


£5341 9 7 


June 30, 1896: Consols 

India 3 per Cents 


Investments 

£ s. d. 

.. 7537 3 6 
.. 3600 0 0 

£11,137 3 5 


LddwiqMond, ) j 
Hbbbbet 



GENERAL TREASURERS ACCOUNT. 


Ixxix 


from July 1, 1896, to June 30, 1897. 


Ct. 


1896-97. 


PAYMENTS. 

Expenses of Liverpool Meeting, including Piinting, Adver- 
tising, Payment of Clerks, &c 

Rent and Office Expenses 

Salaries 

Printing, Binding, &c 

Payment of Grants made at Liverpool : 

£ s. d. 


]\rathematical Tables 2b 0 0 

Seismologieal Obsei vatioiis ... . 100 0 0 

Abstracts of Physical Papers 100 0 0 

Calculation of Certain Integrals 10 0 0 

IClectrolj bis and Electro-chemistry 50 0 0 

Electioljtio Quantitative Aniilj. SIS .... 10 0 0 

Isomeric ^aphthalcue Derivatives 60 0 0 

Erratic Blocks. 10 0 0 

Photograiihs uf Geological Interest 16 0 0 

rtemains of the Irish Elk in the Isle of Man 15 0 0 

Table at tlie Zoological Station, Naples 100 0 0 

Table at the Biological Laboratory, Plymouth 9 10 8 

Zoological Bibliography and Publication 5 0 0 

Index Generum ct Specicrum Aiunialium 100 0 0 

Zoology and Botany of the West Imlia I.slands 40 0 0 

To work out Details of Observations on the Migiation of 

Birds 40 0 0 

Climatology of Tropical Africa 20 0 0 

Ethuograpliical Sui vey 40 0 0 

Mental and Physical Condition of Children 10 0 0 

Silchester Excavation 20 0 0 

Investigation of Changes associated witli the Functional 
Activity of Nerve Cells and their Peripheral E.vtcii- 

sions ISO 0 0 

Oysters and T\ phoid 30 0 0 

Pliysiologic.'il Applications of the Phonograph 15 0 0 

Phj siological Effects of Peptone and its Precursors .... 20 0 0 

Fertilis.iti(m in Pha'Ophyce® 20 0 0 

Conespondiug Societies'Committie 25 0 0 


In hands of General Treasurer : 


£ 5. 

157 8 
61 4 

508 15 
1158 10 


1059 10 


'/. 

6 

7 

0 

6 


8 


On deposit at Liverpool 1600 0 0 

At Bank of England, Western Brandi £989 7 4 

Less Cheques not presented 60 10 0 

878 17 4 

Cash 17 3 0 

239 ^ 0 _^ 

£534T~ 9 7 


Account 


£ s. d. 

June 30, 1897 : Consols 7537 3 5 

India 3 per Cents 3600 0 0 


£11,137 3 5 


Arthur W. RUckeb, General Treasurer. 


July 9, 1897. 
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Table showing the Attendance and Receipts 


Date of Meeting 

Wliorc held 

rresidents 

Old Life 
Members 

New Life 
Members 

1831, Sept 27 

York 

The Earl FitzvviIliam,D.C L. 

__ 



1832, June 19 . 

Oxford 

The Rev. W. Buckland, F.R S. 




1833, June 25 .. 

1834, Sept. 8 

Cambridge 

The Rev. A. Sedgwick. F R S. ... 




Edinburgh 

Sir T. M. Brisbane, D C L. 





1835, Aug. 10 . 

Dublin 

The Rev. Provost Lloyd, LL.D. 



1836, Aug. 22 

Hiistol 

The Marquis of Lansilowne 





1837, Sept 11 

Liverpool 

The Earl of Builiiigton, F.R S. 





1838, Aug. 10 .. 

Newcastle-on-T\ no 

The Duke of Northumbeiland 




1839, Aug 26 

Birmingham 

The Rev. W. Vernon Harcourt . 




1810, Sept. 17 

(Ilasgow 

The M.anpiis of Breadalbane 

— 

_ 

1841, July 20 .. 

rivmouth , 

The Rev. W. Wliewoll, F.R S 

169 

6.5 

1812, June 23 . 

Manchester 

The Lord Francis Egertou 

,303 

169 

1813, Aug. 17 . 

Cork 

The Earl of Rosse, F.R.S. . 

109 

28 

1844, Sept. 26 

York .. 

The Rev. 0. Peacock, DD 

226 

150 

184.*), June 19 

Cambridge 

Sir .lohn F. W. Hcrscliel, Bart .... 

313 

36 

1846, Sept 10 

Southampton 

Sir Roderick I Murcliison, Bait. 

241 

10 

1847, June 23 ... 

Oxfoid 

Sir Robert H. Inglis, Bart. 

314 

18 

1848, Aug. 9 

Swansea 

Tlie Marquis of Northampton . . 

The Rev. T. R Robinson, D.D. 

119 

3 

1849, Sept. 12 

Birmingliaiu 

227 

12 

1850, July 21 . 

Edinburgh 

Sir David Brewster, K H 

235 

9 

1851, July 2 . . 

Ipswieh 

Cr B Airy, Astronomer Royal 

172 

8 

1852, Sept. 1 . . , 

Belfast 

Lieut -General Sabine, F R S. . . 

164 

10 

1853, Sept. 3 

Hull 

William Hopkins, F.R.S. 

141 

13 

1854, Sept. 20 

Liverpool 

The Earl of Harrowbv, F U R. 

238 

23 

1856, Sept. 12 . 

Glasgow 

The Duke of Argyll, F.R.S. 

194 

33 

1856, Aug. 6 

Cheltenham . 

Prof.O G. B Daiibi'iiv, Ml). 

182 

14 

1857, Aug. 26 

Dublin 

The Rev. Humphrey TJovd, D D 

236 

15 

1858, Sept. 22 

Leeds 

Richard Owen, M D , D.C L. . . 

222 

42 

1869, Sept. 11 .. 

Abeideen 

H.R.H. The Prince Consort 

184 

27 

1860, June 27 

Oxford 

The Lord Wiotteslcv, M A 

286 

21 

1861, Sept 4 

Manehester 

William Fairbairn, LL D , F U S. . 

321 

113 

1862, Oct. 1 

Camlindge .. 

The Rev. Professor Wllhs, M A. 

239 

15 

1863, Aug 26 

Heft'castle-on-Ti ne 

Sir William G. Armstrong, C.B. 

203 

36 

1864, Sept 13 

Bath 

Sir Charles Lycll, Bart,, M A. 

287 

40 

1866, Sept. 6 

Binmiigharn 

Prof. J. Phillips, M.A., LL.D 

William R, Grove, Q C FRS 

292 

44 

1866, Aug 22 

Nottingham 

207 

31 

1867, Sept. 4 

Dundee 

The Duke of Bnccleuch, K C.B. 

167 

25 

1868, Aug 19 .. 

Norwich 

Dr. Joseph D, Hooker. F.R.S 

Prof. G.G. Stokes, DC L 

196 

18 

1869, Aug. 18 . , 

Exeter 

204 

21 

1870, Sept. 14 .. 

Liverpool 

Prof T H. Huxley, I.L D 

314 

39 

1871, Aug. 2 

Edinburgh 

Prof Sir W. Thomson, LL D. 

246 

28 

1872, Aug. 14 

Bnglitoii . 

Dr W. B Carpenter, F R S. 

215 

36 

1873, Sept. 17 

Br.adfnrd 

Piof. A W. Williamson, F R S 

212 

27 

1871, Aug. 19 . 

Belfast ... 

Prof. J. Tvudall, LL D , F.R !s. 

162 

13 

1875, Aug. 25 

Bristol 

Sir Jolm Haw ksliaw, C.E , F 11 S 

239 

36 

1876, Sept 6 

(Ilasgow 

Prof. T. Andrews, M D , F R S 

221 

35 

1877, Aug. 1.') 

rivmoutli 

Prof. A Thomson, M.D , F R S. 

173 

19 

1878, Aug. 14 

Dublin 

W. Spottiswoode, M A , F R S 

201 

18 

1879, Aug. 20 

SliefReld 

Prof (}. J Allman, M D., F R.S. 

184 

10 

1880, Aug. 25 .. 

Swansea 

A 0. Ramsav, LL.D., F.R S. 

144 

11 

1881, Aug. 31 ... 

York 

Sir John Lubbock, Bart., F R.S. 

272 

28 

1882, Aug. 23 

Southampton 

Dr C. W. Siemens F R.S. . , 

178 

17 

1883, Sept. 19 

Southport 

Prof A Cavley, D C.L , F R S 

203 

60 

1884, Aug. 27 

Montreal 

Ihof. Lord Rayleigh, F.K S. 

Sir Lyon Playfair K C M , 1’ il S. 

235 

20 

1885, Sept. 9 

Aberdeen 

225 

18 

1886, Sept 1 

Birmingham 

Sir J. W. Dawson, (\M.G . F R S. 

314 

25 

1887, Aug 31 

Manchester 

Sirll. E Roscoe, D.C L., F.R S. ... 

428 

86 

1888, Sept 5 ... 

Bath 

Sir F .1. Bramwcll, FRS. 

266 

36 

1889, Sept. 11 

Newcastle-on-Tyne 

l*rof. W. H Flower, C B , I*' R S. 

277 

20 

1890, Sept. 3 

Leeds 

Sir F.A. Abel, C.B., F.R.S. 

259 

21 

1891, Aug. 19... 

Cardiff 

Dr W. Huggins, F.R S. 

189 

24 

1892, Aug. 3 

I'ldinburgli 

Sir A. Geikie, LLD,FRS 

280 

14 

1893, Sept. 13 ... 

Nottingham 

I’rof. J. S. Bunion Sanderson . . 

201 

17 

1894, Aug. 8 

Oxford 

The Marquis of Salisbury, K G ,F R.S. 

327 

i 21 

1895, Sept. 11 

Ipswich 

Sir Douglas Gulton, FRS 

214 

13 

1896, Sept. 16 . 

Liverpool 

Sir Joseph Lister, Bart., Pres R.S. 

330 

31 

1897, Aug. 18 .. 

Toronto 

Sir John Evans, K.G.B., F R.S. . . 

120 

8 


* Ladies 'ft ere not admitted by purchased tickete until 1843. t Tickets of Admission to Sections only. 
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REPORT — 1897 , 


REPORT OF THE COUNCIL. 

Eej)ori of the Council for the Year 1896-97, presented to the General 
Committee at Toronto on Wednesday, August 18, 1897. 

The Meeting at Montreal in 1884 was the first occasion on which the 
Association held a Meeting beyond tlie limits of the United Kingdom. 
Some of the Members then considered that it was a hazardous experiment ; 
but the decided success of that Meeting fully justified the innovation, 
and when an invitation was received for holding another Meeting in the 
Dominion of Canada, in the University City of Toronto, the General 
Committee accepted it with unanimity. 

The Executive Committee at Toronto have succeeded in making veiy 
complete preparations for the reception, not only of British Members of our 
Association, but of several Continental aiid numerous American Men of 
Science who propose to take part in our proceedings. The Council desire 
to record their grateful sense of the efforts made by Professor Macallum and 
his colleagues to render this Meeting a success, and of the liberality with 
which those efforts have been supported by the Dominion Governmeut, 
the Government of the Province of Ontario, and the City of Toronto. 
The Council also desire cordially to thank the Associated Cable Coinpanie.-^ 
for granting, under certain restrictions, free ocean tel(‘graphy during the 
Meeting to Members coming from the United Kingdom. The Council 
have likewise to offer their thanks to the several Railroad and Steamship 
Companies which have afforded special facilities to Members. 

Ttie Council have nominated {Sir Donald Smith, High Commissioner for 
the Dominion of Canada, the Hon. Arthur Sturgis Hardy, Premier of the 
Province of Ontario, and the Mayor of Toronto to be Yice- Presidents of 
the Association. 

The Council heard with great regret that Mr. Alan Macdougall, who 
was appointed one of the Local Secretaries for the Toronto Meeting, had 
died after a long illness. Mr. Macdougall took an active part in the pi o- 
ceedings which gave rise to the invitation to Toronto, presented to the 
Association in the year 1894, at the meeting at Oxford. 

The Council have been informed by Mr. Vernon Harcourt that Ik* 
does not intend to offer himself for re-election as General Secretary after 
the Toronto Meeting. Mr. Vernon Harcourt has held the office of General 
Secretary for fourteen years, and the Council desire to record their sense 
of the invaluable services which he has constantly rendered to the 
Association during this period. The Council recommend that Professor 
Roberts-Austen, C.B., F.R.S., be appointed General Secretary in succession 
to Mr. Harcourt. 

Professor Schafer having informed the Council that it would be incon 
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venient for him to attend the Meeting at Toronto, they have requested 
Professor Roberts- Austen to undertake the duties of General Secretary 
during the Meeting in his place. 

The Council have received reports from the General Treasurer during 
the past year, and his accounts from July 1, 1896, to June 30, 1897, 
which have been audited, will be presented to the General Committee. 

The Council have elected the following Foreign Men of Science, who 
have attended Meetings of the Association, to be Corresponding 
Members : — 

Dr. F. Kohlrausch, Berlin. I Prof. E. Zacharias, Hamburg. 

Dr. van Rijckcvorsel, Rotterdam. | 

The following Resolutions were referred to the Council for considera- 
tion and action, if desirable : — 

(1) ‘ That the Council be requested to take such steps as they think 
best to bring before the Government the question of the establishment of 
a National Physical Laboratory, in general accordance with the recom- 
mendations contained in the Report appended hereto, and to invite the 
<;o-operation of the Royal Society of London, the Royal Society of 
Edinburgh, the Royal Astronomical Society, the Physical Society, and 
-other kindred societies, in securing its foundation.^ 

The Council, after considering this question, resolved to appoint a 
Committee to bring the proposal before the Government. 

Tlie Committee consisted of the following Members 

The President of tlie Royal 
Lord Kelvin 
Ijord Rayleigh . 

Mr. Francis Galton . 

Professor A. W. Riickcr . 

Sir Douglas Galton . 

8ir H. E. Roscoc 
Mr, R. T. (dazebrook 
Professor Oliver Lodge 
Profet'Sor A Schuster 
Professor G F. Fitzgerald 
The Astronomer-Royal 
Mr. A. Vernon-Harcourt , 

Captain Abney 
Dr. John Hojikinson 
rrofe>sor W. E. Ayrton , 


I Royal Society. 


ipritLli Association 


Royal Irish Academy. 

Ro 5 'al Astronomical Society, 

. Chemical Society 
. Physical Society. 

. Institution of Civil Engineers. 

• Institution of Elect ricai Engineers. 


The Royal Society of Edinburgh was also represented by Lord Kelvin. 
The Council have been informed that, at the request of the Committee, 
a Deputation waited upon Lord Salisbury, and have recently learned 
that a Committee has been appointed by the Treasury : ‘ To consider 
and report upon the desirability of establishing a National Physical 
Laboratory for the testing and verification of instruments for physical 
investigation ; for the construction and preservation of standards of 
measurements and for the systematic determination of physical constants 
and numerical “data” useful for scientific and industrial purposes, and to 
report whether the work of such an institution, if established, could be 
associated with any testing or standardizing work already performed 
wholly or partly at the public cost.^ 

The following will be the members of the Committee 

e2 
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The Lord Rayleigh, D.C.L., F.R.S. 
{Chairman). 

Sir Courtenay Boyle, K.C.B. 

Sir Andrew Noble, K.C.B., F.R S. 

Sir John Wolfe Barry, K.C.B., F.R S. 
W. C. Roberts-Austen, Esq., C.B., 
F.R.S. 


Robert Chalmers, Esq., of the- 
Treasury. 

A. W. Rucker, Esq., D.Sc., F.R.S, 
Alexander Siemens, Esq. 

T. E. Thorpe, Esq., F.R.S. 


(2) ‘ That it is of urgent importance to press upon the Government 
the necessity of establishing a Bureau of Ethnology for Greater Britain,, 
which, by collecting information with regard to the native races within 
and on the borders of the Empire, will prove of immense value to science 
and to the Government itself.^ 

The Council referred this question to a Committee consisting of the 
President and General Officers, with Sir John Evans, Sir John Lubbock„ 
Mr. C. H. Read, and Professor Tylor. The Report of the Committee was. 
as follows : — 

‘ A central establishment in England, to which would come informa- 
tion with regard to the habits, beliefs, and methods of government of 
the primitive peoples now existing would be of great service to science, 
and of no inconsiderable utility to the Government. 

‘1. The efforts of the various societies which have, during the last 
twenty years, devoted themselves to collecting and publishing etlino- 
logical information have necessarily produced somewhat unequal, and 
therefore unsatisfactory, results. Such .societies had, of course, to depend 
upon the reports of explorers, who usually travelled for another purpo.s 0 
than that in which the societies were interested ; and such reports wcto 
naturally unsystematic, the observers being mostly untrained in the 
science. Again, whole regions would be unrepresented in the tran.sac- 
tions of the societies, perhaps from the absence of the usual attractions of 
travellers, e.g. big game or mineral riche.s. This has been to some extent 
corrected, at least as to the systematic nature of the reports, by the pub- 
lication of “ Anthropological Notes and Queries ’’ by the Antliropologica). 
Institute, with the help of the British Association. 

‘If it bo admitted that the study of the human race is an important 
branch of science, no further argument is needed to commend the gather- 
ing of facts with regard to the conditions under which aboriginal races 
now live, and, if tliis work is worth doing, it should be done without 
delay. With the exception, perhaps, of the negro, it would seem that 
none of the lower races are capable of living side by side with whites. 
The usual result of such contact is demoralisation, physical decline, and 
steady diminution of numbers ; in the case of the Tasmanians, entire- 
disappearance. Such will probably soon be the fate of the Maories, the 
Andamanese, the North American Indians, and the blacks of Australia. 
While these exist it is possible to preserve their traditions and folk-lore, 
and to record their habits of life, their arts, and the like, and such direct 
evidence is necessarily more valuable than accounts filtered through the 
recollection of the most intelligent white man. 

‘ It is scarcely necessary to enlarge upon this point, as no one will 
seriously question the value to science of such information. But it does 
seem necessary to urge that no time be lost. 

‘ 2. As to the benelit to the Government of these inquiries, the history 
of our relations with native tribes in India and the Colonies is rich in 
examples. No one who has read of the ways of the African can doulit 
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that a thorough study of his character, his beliefs and superstitions, is a 
necessity for those who have to deal with him. And what is true of the 
natives of Africa is also true, in a greater or less degree, of all uncivilised 
races. Their ideas of common things and common acts are so radically 
different from those of civilised man that it is impossible for him to 
understand them without a special training. 

‘ Even in dealing with the highly civilised natives of India it is most 
necessary that an inquirer should be familiar with their religion, and 
with the racial prejudices which the natives of India possess in common 
with other civilised nations. 

‘ A training in knowledge of native habits is now gone through by our 
officers, traders, and missionaries on the spot ; and by experience — some- 
times dearly bought — they, after many failures, learn how to deal with 
the natives. By the establishment of such a Bureau as is here advocated 
much might be done to train our officers before they go out, as is now 
done by the Dutch Government, who have a handbook and a regular 
•course of instruction as to the life, laws, religion, etc., of the inhabitants 
x)f the Dutch Indies. The, experience thus gained would then mature 
rapidly, and they would become valuable servants to the State more 
^quickly. 

‘ The collecting of the necessary information for the Bureau could be 
done with but little expense and with a very small staff only, if the 
scheme were recognised and forwarded by the Government. If instruc- 
tions were issued, for instance, by the Colonial Office, the Foreign Office, 
the Admiralty, and the Intelligence Branch of the War Office, to the 
officers acting under each of these departments, not only that they were 
at liberty to conduct these inquiries, but that credit would be given to 
them officially for good work in this direction, there is little doubt that 
many observers (jualified by their previous training would at once put 
themselves and their leisure at the disposal of the Bur eau. 

^ The Bureau itself, the central office, w’ould be of necessity in London 
— in no other place could it properly serve its purpose — and preferably, for 
the sake of economy and official control, it should be under the adminis- 
tration of some existing Government office. But the various interests 
involved make it somewhat difficult to recommend where it should 
^)e placed. The Colonial Office would obviously present some advantages. 
The British Museum has been suggested, with good reason, and there 
iippears to be no insuperable difliculty if the Trustees are willing to 
-undertake the responsibility of controlling such a department. 

‘ The staff would not be numerous. A Director accustomed Co deal 
with ethnological matter would necessarily direct the conduct of the 
inquiries, and until the material assumed large proportions, two or three 
•clerks would probably suffice. If the value of the results were considered 
to justify it, the increase of the area, of operations over the world would 
probably call for additional assistance after the Bureau had been at work 
for a few years. 

‘ The Bureau of Ethnology in the United States aims chiefly at pub- 
lishing its reports, but its area is limited to America. The scope of the 
-present proposal is so much wider that the Committee think it better not 
to deal with the question of publication at present. 

‘ If this report be adopted by the Council it will be necessary to 
approach the Government, and impress upon them the importance of 
having such an organisation for carrying out these recommendations. 
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For this purpose a Deputation should be appointed, and it would be well 
to invite the Council of the Anthropological Institute to appoint two- 
members/ 

The Council resolved that the Trustees of the British Museum bo re- 
(juested to consider vhothcr they could allow the proposed Bureau to bo 
established in connection with the Museum : and if they are unable to 
sanction this proposal, that the authorities of the Imperial Institute be 
requested to undertake its establishment. 

The matter is now under the consideration of the Trustees of the 
British Museum. 

The Report of the Corresponding Societies Committee for the past 
year, together with the list of the Corresponding Societies and the titles 
of the more important papers, and especially those referring to Local 
Scientific Investigations, published by those Societies during the year 
ending June 1, 1897, has been received. 

The Corresponding Societies Committee, consisting of Mr. Francis 
Gal ton, Piofessor R. Meldola {Chairinav)^ Sir Douglas Gallon, Dr. J. G. 
Garson, Sir J. Evans, Mr. J. Hopkinson, Mr. W. Whitaker, Mr. G. J. 
Symons, Professor T. G. Bonney, Mr. T. V. Holmes, Mr. Cuthbort Peek, 
Mr. Horace T. Brown, Rev. J. O. Bevan, and Professor W. W. Watts is 
hereby nominated for reappointment by the General Committee. 

The Council nominate Professor 11. Meldola, F.R.S., Chairman, and 
Mr. John Hopkinson, Secretary, to the Conference of Deh'gates of 
Corresponding Societies to be held during the Meeting at Toronto. 

In accordance with the regulations the retiring Members of the 
Council will be : — 

Anderson, Sir W. Vines, Professor. 

Foxwell, Piofessor. Ward, Professor Marshall. 

Lodge, Professor 0. J. 

The Council recommend the re-election of the other ordinary Members 
of the Council, with the addition of the gentlemen whose names are dis- 
tinguished by an asterisk in the following list : — 

Boys, C. Vernon, Esq., F R.S. Precce, W. H , Esq , C B., F R.S. 

Creak, Captain E. W , R.N., F.R.S. Ramsay, Professor W., F R 8. 

*Darwin, F., Esq., F.R.S. Reynolds, Professor J. Emerson, M.D., 

Edgeworth, Professor F. Y., M.A. F.R.S. 

♦Fremantle, 'J’he ITon. Sir C W , K,C B Shaw, W. N., Esq , F.B.S. 

♦Halliburton, Professor W H., F.R 8. Symons, G. J , Esq , F.R S. 

Harcourt, Professor L. F. Vernon, M A , Teall, J. J. 11 , Esq , F R S. 

M.Inst C.E. Thiselton-Dyer, W. T., Esq., C.M.G., 

Herdman, Professor W. A., F.R.S. F.R 8. 

Hopkinson, Dr. J , F.R. 8. *Thompson, Professor S. P., F.R 8. 

Horsley, Victor, Esq., F.R.8. Thomson, Professor J. M , F.R.S. 

Marr, J. E., E.sq., F.K.8. Tylor, Professor E B , F.R 8. 

Meldola, Profes.sor R., F.R. 8, Unwin, Professor W. C , F.R.S. 

Poulton, Professor E. B., F.R S. *White, Sir W. H , K C B , F.R 8. 

It was resolved last year, at the Liverpool Meeting, that two meetings 
of the General Committee shall be held at Toronto, and that an adjourned 
meeting shall be held in London at the beginning of November, for the 
election of the President, Oflfleers, and Council for 1897 8, and for fixing 
the date of the Meeting in that year. The Council have arranged that 
the adjourned meeting shall be held at the Rooms of the Royal Society, 
Burlington House, on Friday, November 5, at 3 p.m. 
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At this meeting an invitjttion which has been received from the 
Corporation of Glasgow to hold the Annual Meeting of the Association 
in 1901 in that city will be presented to the General Committee, 

The Council, acting on behalf of the Association, have presented to 
Her Majesty the Queen the following Address of Congratulation on the 
completion of the sixtieth year of her reign : — 

To the Queen’s Most Excellent Majesty. 

May it please your IVlajesty, — 

We, your Majesty’s most dutiful and loyal subjects, the President and 
Council of the British Association for the Advancement of Science, 
desire most respectfully to approach your Majesty with the expression of 
our sincere and heartfelt congratulations on the completion of the sixtieth 
year of your Majesty’s auspicious reign. 

During that reign, which has exceeded in length that of any of your 
illustrious predecessors, the increase in prosperity of your Majesty’s 
subjects has been unparalleled. 

This advance in the w(‘lfare of the nation has been in no small degree 
due to tlie astonishing progress of science during this period, and its 
api)lication to the details of daily life ; and wo thankfully recognise the 
interest constantly displayed both by your Majesty and by members of 
your Royal Eamily in the promotion of science. Of this, the acceptance 
by His Royal Highness the late lamented Prince Consort of the Presidency 
of this Association at Aberdeen, in the year lt^59, was a conspicuous 
illustration. 

That your jMajcsty’s subjects in all parts of the globe are united in 
their efforts to promote the advancement of knowledge is evinced by the 
fact that the Association holds its annual meeting this year at Toronto, 
on the invitation of one of the principal Dependencies of your Empire, the 
great Dominion of Canada. 

There, as here, the Members of the Association will ever pray that 
your Majesty may long be spared to rule over a contented, grateful, and 
united EinpinL 

Signed on behalf of the Council, 

Lister, 

President. 

June 23, 1S97- 

The Address was laid before the Queen by the Home Secretary, who 
has informed the Council that Her Majesty was pleased to receive the 
same very graciously. 
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Committees appointed by the General Committee at the 
• Toronto Meeting in August 1897. 

1. Receiving Grants of Money. 

Subject for Investigation or Purpose j Members of the Committee j Grants | 

I £ s. d.\ 

Making Experiments for improv- | Chairman. — Professor G. Carey 75 0 0 i 

ingtlie Construction of Practical j Foster. ' 

Standards for use in Electrical Secretary. — Mr. R. T. Glazebrook. 
Measurements. Lord Kelvin, Professors W. E. 

Ayrton, J. Perry, W. G. Adams, • 

and Oliver J. Lodge, Lord Ray- 
leigh, Dr. John Hopkinson, Dr. 

A. Muirhead, Mr. W. H. Preeco, 

Professors J. I). Everett and A. 

Schuster, Dr. J. A. Fleming, 

Professors G. F. FitzGerald and 
J. J. Thomson, Mr. W. N Shaw, 

Dr. J. T. Bottomley, Rev. | 

T. C. Fitzpatrick, Professor J. , 

j Viriamu Jones, Dr. G. John- i 
stone Stoney, Professor S. P. 

Thompson, Mr. J. Rennie, Mr. 

E. H. Griffiths, Professor A. W. i 

Rucker, and Professor A. G. ' I 

Webster. I I 

Seismological Observations. ' Chairman .~^\x . G J. Symons I 75 0 0' 

I Secrctarics.~Vix. C. Davison and | | 

Professor J. Milne. | ; 

' Lord Kelvin, Professor W, G. : ^ 

Adams, Dr. J. T. Bottomley, Sir 1 | 

F. J. Bramwcll, Professor G. H i ' 

Darwin, Mr. Horace Darwin, 

Major L Darwin, Mr, G. F. 

Deacon, Professor J. A. Ewing, 

Professor C. G Knott, Professor 

G. A. Lcboiir, Professor R. Mel- 

I dola. Prolessor J. Perry, Pro- ; 
fessor J. H. Poynting, Dr. Isaac ’ 

Roberts, Dr. G. M Dawson, 

I Profe.ssor T. G. Bonney, Mr. i 

C. V. Boys, Profes.sor H. H. , ! 

Turner, and Mr. M. Walton 1 ; 

Brown. . ! 

To assist the Physical Society in Chairman . — Dr. E. Atkinson. 100 0 0 

bringing out Abstracts of Phy- | Secretary. — Professor A. W. 
sicjil Papers. | Rucker. i 

To co-operate with Professor Karl C’Afli/nwa/i.— Rev. Robert Harley. 20 0 0 ! 

Pearson in the Calculatnm of Secretary. — Dr. A. R. Foisytli. j i 

certain Integrals. Dr. J. W. L. Glaisher, Profe.ssor A. [ 

Lodge, and Professor Karl Pe.ii - ! j 

son. I I 
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1. Tteceiring Grants of Money — continued. 


Subject for Investigation or Purpose 


The present state of our Know- 
ledge in Electrolysis and Eloc- 
tro-chemistr 3 % 


To establish a Meteorological Ob- 
servatory on Mount Royal, 
Montreal. 


' Preparing a new Series of Wave- 
I length Tables of the Spectra of 
1 the Elements. 


The Electrolytic Methods of Quan- 
titative Analysis. 


The Action of Light upon Dyed 
Colours. 


The Pi oraotion of Agriculture : 
to repoi t on the means by which 
in various Countries Agricul- 
tuie is advanced by research, 
by special Educational Insti- 
tutions, and by the dissemina- 
tion of information and advice 
among agriculturists. 


To investigate the Erratic Blocks 
of the British Isles, and to take 
measures for their preservation. 


Members of the Committee 1 Grants 


£ s, d. 

Chairman. — Mr. W. N. Shaw. d5 0 0 

Secretary. — Mr. W. C D. Whet- 
ham. 

Rev. T. C. Fitzpatrick and Mr. 

E. H. Griffiths. 

Chairman. — Professor Callendar. 60 0 0 

Secretary. — Professor C. H. Me- I 

Leod. I 

Professor F. Adams and Mr. R. F. I 

Stupart. 

Chairman. — Sir H E Roscoe. 20 0 0 

Secretanj. — Dr. Marshall Watts. 

Sir J. N. Lockyer, Professors J. 

Dewar, G. 1). Liveing, A. 

Schuster, W. N. Hartley, and 

Wolcott Gibbs, and Captain i 

Abney. I 

i 

Professor J. Emerson 12 0 0 j 
Reynolds. j 

Secretary, — Dr. 0. A. Kohn. j 

Professor Frankland, Professor F. ! 

Clowes, Dr. Hugh Marshall, Mr. 

A. E. Fletcher, and Professor W. | 

Carleton Williams. j 

1 

Chairman, — Dr. T E. Thorpe. 8 0 0. 

Secretary, — Professor J. J. Hum- 
mel. 

Dr. W. 11. Perkin, Professor W. J. 

Russell, Captain Abney, Pro- 
fessor W. Stroud, and Professor 
R. Meldola. 

Sir John Evans 5 00 

Secretary. ~ Professor H. E. Arm- 
strong. 

Professor 1\I. Foster, Professor 

Marshall Ward, Sir J. H. Gilbert, i 

Right Hon. J. Bryce, Profes- ' 

sor J. W. Robertson, Dr. W. i 

Saunders, Professor Mills, Pro- , 

fessor J. Mavor, Professor R. 1 

Wurington, Professor Poulton, j 

and Mr. S. U. Pickering. ^ 

Chairman. — Professor E. Hull. 5 0 0. 

Secretary. — Prof. P. F. Kendall. 

Professor T. G. Bonney, Mr. C. E. i 

De Ranee, Professor W. J. Sollas, j 

Mr. R. H. Tiddeman, Rev. S. N. j 

Harrison, Mr. J. Home, Mr. j 

Dugald Bell, Mr. F. M. Burton, 
and Mr. J. Lomas. • 



xc 


REPORT — 1897 < 


1. Receiving Grants of Money — continued. 


Subject for Investigation or Purpose 

Members of the Committee 

Grants 



£ s. d. 

To consider a project for investi- 

Chairman. — Professor T. G. Bon- 

40 0 0 

gating the Structure of a Coral 

ney. 


Reef by Boring and Sounding. 

Secretary. — Professor W. J. Sollas. 
Sir Archibald Geikie, Professors 
J. W. Judd, C. Lapworth, A. C. 

H addon, Boyd Dawkins, G. H. 
Darwin, S. J. Hickson, and 
Anderson Stuart, Admiral Sir 
W. J. L. Wharton, Drs. H. 
Hicks, J. Murray, W. T. 
Blanford, C. Le Neve Foster, 
and H. B. Guppy, Messrs. F. 
Darwin, H. 0. Foibes, G. C. 
Bourne, Sir A. R. Binnie, Dr. d, 
W. Gregory, and Mr. J. C. 
llawkshaw. 


To explore certain Caves in the 

Chairman.— Sh W. H. Flower. 


! Neighbourhood of Singapore, 

Secretary . — Mr. H. N. Ridley. 


and to collect their living and 

Dr. R. Hanithch, Mr. Clement 


extinct Fauna. 

Reid, and Mi. A. Russel Wal- 


[Last year’s grant of 40/. unex- 
pended ] 

lace. 


The Collection, Preservation, and 

Chairman. — Professor J. Geikie. 

10 0 0 

Systematic Registration of 

Secretary . — Prof essorW.W. Watts. 


Photographs of Geological In- 

Professor T. G. Bonney, Dr. T. An- 


terest. 

derson, and Messrs. A. S. Reid, 
E. J. Garwood, W. Gray, H. B. 
Woodward, J. E. Bedford, R 
Kidston, R. H. Tiddeman, J. J. 

1 11. Teall, J. G. Goodchild, 11. 

Coates, and C. V. Crook. 


To study Life-zones in the Biitish 

Chairman.— Mr. J. E. Marr. 


Carboniferous Rocks. 

Secretary. — Mr. E. J. Garwood. 


[Balance of last year’s grant ] 

Mr. F. A. Bather, Mr. G. C. Crick, 
Mr. A. H. Foord, Mr. H. Fox, 
Dr. Wheelton Hind, Dr. G. J. 
Hinde, Mr. P. F. Kendall, Mr. 
J. W. Kirkley, Mr. R. Kidston, 
Mr. G. W. Lamplngh, Professor 
G. A. Lebour, Mr. G. H. Morton, 
Professor H. A. Nicholson, Mr. 
B. N. Peach, Mr. A. Strahan, 
and Dr. H. Woodward. 


To examine the Conditions under 

Chairman. — Professor W. Boyd 


which remains of the Irish Elk 

Dawkins. 


are found in the Isle of Man. 

Secretary. — Mr. P. C. Kermode. 


[Balance of last year’s grant.] 

His Honour Deemster Gill, Mr. 
G. W. Lamplugh, and Canon 
E. B. Savage. 


To ascertain the Age and Relations 

Chairman. — Mr. T. F. Jamieson. 

10 0 0 

of the Rocks in which Secondary 

Secretary. — Mr. J. Milne. 


Fossils have been found near 
Moreseat, Aberdeenshire. 

Mr. A. J. Jukes-Browne. 




COMMITTEES APPOINTED BY THE GENERAL COMMITTEE. 


Subject for Investigation or Purpose 


To further investigate the Fauna 
and Flora of the Pleistocene 
Beds in Canada. 


To enable l^Ir H. M. Vernon to 
investigate the development of 
Echinoderm larvie experiment- 
ally, or, failing this, to ap- 
point some other eouixietent in- 
vestigator to carry on a deli- 
nite piece of work at the Zoo- 
logical Station at Naples. 

To enable Profesor S J. Hickson 
to study the fertilisation of 
Alcyonium, Mr. C. D. Scott to 
investigate the physiology of 
secretion in Tunicata, and 
Messis. A. H. Church and G. 
Brebner to study the repro- 
duction of marine Algai, or, in 
default of these, to appoint 
some other competent JShatu- 
ralist to do a definite piece of 
work at the Plymouth Mai me 
Laboratory. 

Compilation of an Index Generum 
et Specierimi Animalium. 


The Biology of the Lakes of 
Ontario. 


Healthy and unhealthy Oysters. 


Climatology of Tropical Afiica. 


State Monopolies in other 
Countries. 


JMeinbcrs of tlio Committee 


Clunrman.- -Sir J, W, Dawson. 
Secretary. — Professor A. P. Cole- 
man. 

Professor D. P. Penhallow, Dr. H. 
Ami, and Mr. G. W. Lamplugh. 

Chairman. — Professor W. A. 
Herdman. 

Secretary. — Mr. Percy Sladen. 
Professor E. Ray Lankester, Pro- 
fessor W. F. R. Weldon, Pro- 
fessor S. J. Hickson, Mr. A. 
Sedgwick, Professor W. C. 
MHntosh, and Mr. W. E. Hoyle. 

Chairman. — Mr. G. C. Bourne. 
Secretary. — Professor E. Ray 
Lankester. 

Professor Sydney II. Vines, Mr. 
A. Sedgwick, and Piolcssor 
W. F. R. Weldon. 


Chairman. — SirW, H. Flower. 

Secretary. — Mr. F. A. Bather. 

Dr. P. L. Sclatcr, Dr. H. Wood- 
ward, Rev. T. R. R Stehbing, 
IMr. R. McLachlan, and Mr. 
W. E. Hoyle. 

Chairman. — Professor li. C. ^liall. 

Secretary. — Professor R. Ramsay 
Wright. 

Senator Allan, Dr. G. M. Dawson, 
Professor W. H. Ellis, Professor 
E. E. Prince, and Professor 
John Macoun. 

Chairman. — Professor W. A. Herd- 
man. 

Secretary. — Professor R. Boyce. 

Mr. G. C. Bourne, Professor C. S. 
Sherrington, and Dr. C. Kohn. 

Chairman. — Mr. E. G. Ravenstein. 

Secretary .—VL t . H. N. Dickson. 

Sir John Kirk, Dr. H. R. Mill, 
and Mr. G. J. Symons. 

Chairman. — Professor H, Sidg- 
wick. 

Secretary. — Mr. II. Higgs. 

Mr. W M. Acworth, the Rt. Hon. 
L. H. Courtney, and Professor 
H. S. Foxwell. 


1. Beceiveng Grants of Mimey — continued. 

! 


xci 


Grants 

£ s. (1. 

20 0 0 

100 0 0 ! 

1 

t 

I 

! 

1 

20 0 0 i 


100 0 0 

75 0 

50 0 0 

10 0 0 

15 0 0 
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1. Receiving Grants of Money — continued. 
Subject f(ti luvesti^nticn oi Purpose ! Members of the Committee 


Future I)oalin”s In Raw Produce. 


Chairman . — Mr. L L. Price. 
Secretaries. — Professor Gonner 

and Mr. E. Helm 
Mr. Hugh Bell, Major P. G. 
Craigie, Professor W. Cunning- 
ham, Professor Edgeworth, Mr. 
K. H. Hooker, and Mr. H. R. 
Rathbone. 


To consider means by which better 
practical effect can be given to 
the Introduction of the Screw 
Gauge proposed by the Associa- 
tion in 1884. 


The Physical Characters, Lan- 
guages, and Industrial and So- 
cial Condition of the North- 
Western Tiibes of the Dominion 
of Canada. 


The Lake Village at Glastonbury. 


To organise an Ethnographical 
Survey of the United Kingdom. 
[And unexpended balance in band ] 


To co-operate with the Silchoster 
Excavation Fund Committee in 
their Explorations 


Chairman, — Mr. W. H. Preece. 
Secretary . — Mr. W. A. Price. 

Lord Kelvin, Sir F. J. Bramwell, 
Sir H. Trueman Wood, Maj.- 
Gen. Webber, Mr. R. E. Cromp- 
ton, Mr. A. Stroll, Mr. A. Le 
Neve Foster, Mr. C. J. Hewitt, 
•Mr. G. K. 13. Elphinstone, Mr 
T. Buckney, Col. Watkin, Mr. 
E. Rigg, and Mr Conrad W. 
Cooke. 


Chairman. — Professor E. B. Tylor 
Secretary. — Mr. Cuthbert E. Peek. i 
Dr. G. M. Dawson, Mr. R. G. Hali- i 
burton, Mr. David Boyle, and i 
Hon. G. W. Ross. | 


Chairman. — Dr. R. Munro. 
Secretary . — Mr. A. Biilleid. 
Professor W. Boyd Dawkins, Gene- 
ral Pitt-Rivers, Sir John Evans, 
and Mr. Arthur J. Evans. 


Chairman. — Mr. E. W. Brabrook. 
Secretary. — Mr. E. Sidney Hart- 
land. I 

Mr Francis Galtcn, Dr. J. G. I 
Garson, Professor A. C. Haddon, | 
Dr. Joseph Andcr.son, Mr. J. 
Romilly Allen, Dr. J. Beddoe, I 
Mr. W. Crooke, Professor D. J. | 
Cunningham, Professor W. Boyd 
Dawkins, Mr. Arthur J. Evans, 
Dr. II. O. Forbes, Mr. F. G. 
Hilton Price, Sir H. Howorth, 
Professor R. Meldola, General 
Pitt-Rivers, and Mr. E. G. 
Ravenstein. 


Chairman. — Mr. A. J. Evans. 
Secretary. — Mr. John L. Myies I 

Mr. E. W. Brabrook. ) 


Grants 


£ s. d. 
10 0 0 


10 0 0 


75 0 0 


37 10 0 


25 0 0 


7 10 0 
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1. Receiving Grants of Money — continued. 

Subject for Investigation or Purpose j Membeis of the Committee j Grants 


£ s. d. 

To organise an Ethnological Sur- Chairman — Dr. George Dawson, j 75 0 0 
vey of Canada. Secretary. — Dr. George Dawson. i 

Mr. E. W. Brabrook, Professor | 

A. C. Haddon, Mr. E. 8. Hait- , 
land, Dr. J. G. Bourinot, Abbe 
Cuoq, Mr. B. Suite, Abbe Tan- 
quay, Mr. C. Hill-Tout, IMr 
David Boyle, Rev. Dr. Scad- , 
ding, Rev Dr. J. Maclean, 

Dr. Ncree Beauchemin, Rev, 

Dr. G. Patterson, Professor 
D. P. Penhallow, Mr. C. N. Bell, 

Hon. G. W. Ross, Professor J. ' 

Mavor, and Mr A. F. Hunter. | 

! The Anthropology and Natural Chairman. — Sir W. Turner. I 125 0 0 

! History of Torres Straits. Secretary. — Professor A. C. Htid- ! 

/ don ; 

j Professor ^I. Foster, Dr. J Scott 

I Keltic, Professor L. C. Miall, 

! and ITofe.ssor Marshall Ward. 

I 

J I o investigate the changes which (liairman — Dr W H. Gaskcll 1 100 0 0 

; are associated with the fiinc- Secretary —Dr A. Waller. 

tional activity of Nerve (Vlls Professor Burdon Sanderson. Pi o- 

1 and their peripheral extensions. lessor M Foster, Pioft'ssor 

i E. A. Schafer, Professor J G 

; McKendrick, Profe ssor W D 

Halliburton, Professor J. P> 

! Haycraft, Professor F. Gotcli, 

] Professor C. S Sherrington, Dr. 

J. N. Langley. Dr. Mann, aiul 

I Professor A. B ^laeallum. 

Fertilisation in Phacophyceaj. Chairman. Professor J B Faimer , 15 0 0 

j Secretary —ProfcssorR.W. Phillips 

I 1 ProfessorF.U. Bower and Professor , 

I I Harvey Gibson. 

t Corresponding Societies Com- Chairman. — Professor 11. Mcldolu 25 0 0 

I mittee for the preparation of Secretary — IMr. T V. Holmes , 

1 their Report. i Mr. Francis Galton, Sir Douglas j 

j Galton, IMr. G. J. Symons, Dr j 

! J G Gar.son, Sir John Evans, 

I Mr. J. Hopkmson, Professor 

I T. G. P»onney, Mr. W. Whitaker, ' 

1 Mr. Cuthbert Peek, Mr, Horace | 

T. Brown, Rev. J. O. Bevan, ^ 
and Professor W. W, Watts 
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2 . Not receiving Grants of Money, 


Subject for Investigation or Purpose 

Members of the Committee 

To confer with British and Foreign 
Societies publishing Mathematical 
and Physical Papers as to the desir- 
ability of securing Uniformity in the 
size of the pages of their Transactions 
and Proceedings. 

Chairman. — Professor S. P. Thompson. 
Secretary. — Mr. J. Swinburne. 

Prof. G. H. Bryan, Mr. C. V. Burton, Mr. 

R. T. Glazebrook, Professor A. W 
Riicker, and Dr. G. Johnstone Stoney. 

Co-operating with the Scottish Meteoro- 
logical Society in making Meteoro- 
logical Observations on Ben Nevis. 

Chairman. — Ijord McLaren. 

Secretary. — Professor Crum Brown. 

Mr. John Murray, Dr. A. Buchan, and 
Professor R. Copeland. 

To confer witli tlie Astronomer Royal 
and the Superintendents of other 
Observatories with reference to the 
Comparison of Magnetic Standards 
with a view of carrying out such 
comparison. 

Chairman. — Professor A. W. Rucker. 
Secretary. — IVIr. W. Watson. 

Piofessor A. Schuster and Professor H. 
U. Turner. 

Comparing and Reducing Magnetic Ob- 
servations. 

i 

Chairman. — Professor W, G. Adams. 
Secretary. — Dr. C. Chree. 

Lord Kelvin, Professor G. If. Daiwin, 
Professor G. Chrystal, Piofessor A. 
Schust(*r, Captain K. W. Creak, the 
Astronomer Royal, Mr. William Ellis, 
and Professor A. W. Riicker. 

The Collection and Identification of 
Meteoric Dust. 

Chairman. — Mr. John Murray. 

Secretary. — Mr. John Munay. 

Professor A. Schuster, Lord Kelvin, the 
AbVie Renard, Dr. A Buchan, Dr. M. 
Grabliara, Mr. John Aitken, Mr. L. 
Fletcher, Mr. A. Ritchie Scott. 

The Rate of Increase of Underground 
Temperature downwaids in various 
Localities of dry Land and under 
Water. 

I 

1 

Chairman. — Professor J. D. Eveiett. 
St’creiary. — Professor J. D. Everett 
Professor Loid Kelvin, Mr. G. J. Symons, 
Sir A. Geikie, Mr. J Glaisher, Professor 
Edward Hull, Dr. C. Lc Neve Foster, 
Professor A. S. Herschcl, Professor 

G. A. Lebour, Mr. A. B. Wynne, Mr. 
W. Galloway, Mr. Joseph Dickinson, 
Mr. G. F. Deacon, Mr. E. Wethered, 
Mr. A. Stralian, Piofessor Michie 
Smith, and Professor 11. L. Callendar. 

That Professor S. P. Thompson and Pro- ! 
lessor A. W. Rucker bo requested to ! 
draw up a Report on the State of our 
Knowledge concerning Resultant 
, Tones. 


The Application of Photography to the 
Elucidation of Meteorological Phe- 
nomena. 

! 

Chairman.— Mr. G. J Symons 

Secretary. — Mr. A. W. Clayden 

Professor R. Meldola, Mr. John Ilopkin- 
son, and Mr. H. N. Dickson. 
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2. JVbt reoeiring Grants of Money — continued. 


Subjoct for Investigation or Purpose 

Members of the Committee 

For Calculating Tables of certain Ma- 
thematical Functions, and, if neces- 
sary, for taking steps to carry out the 
Calculations, and to publish the re- 
sults in an accessible form. 

1 

Chairman. — Lord Kelvin. 

Secretary. — Lieut.-Colonel Allan Cun- 
ningham. 

Professor B. Price, Dr. J. W. L. Glaishor, 
Profes.sor A. G. Greenhill, Professor W. 

M. Hicks, Major P. A. Macmahon, and 
Professor A. Lodge. 

1 

Considering the best Methods of Re- 
cording the Direct Intensity of Solar 
Radiation. 

Chairman. — Hir G. G. Stokes. j 

Secretary. — Professor H. McLeod. j 

Professor A. Schuster, Dr. G. Johnstone ' 
Stoney, Sir H. E. Roscoe, Captain W. 
de W. Abney, Dr. C. Chree, Mr. G. J. 
Symons, Mr. W. E. Wilson, and Pro- | 
lessor A. A. Rambaut. ! 

! 

That Mr E. T. Whittaker be requested 
to draw up a Report on the Planetary 
Theoiy. 

1 

Tlie Cor\tinuation of the Bibliography 
of Spectroscopy. 

Cl/airnian. — Professor II ]\IcLeod. i 

See7'etary.--VToiesi>OT Roberts- Austen. 

Mr. H. U. Madan and Mr. D. H. Nagel. i 

The Carbohydrates of Barley Straw. 

Chair jnan. — Professor R. Warington. 
i Secretary. — Mr. C. F. Cross. , 

1 Mr. Manning Prentice. ' 

The Teaching of Natural Scieiu'e in 
Elementary Schools. 

' Chnlrmaji. l')r. J. H. Gladstone. i 

Secj'efary — Professor 11. E. Armstrong ! 
Mr. George Gladstone, Mr. W. R. Dun- 
stan. Sir J. Lubbock, Sir Philip 
Magnus, Sir H. E. Roscoe, and Dr. 
Silvanus P. Thompson. 

Isomeric Naphthalene Derivatives. 

Chairynan. — Professor W. A. Tilden. 
Secretary/. — Professor II. E. Armstrong, j 

The Description and Illustration of the 
Fossil J’liyllopoda of the Palaeozoic 
Rocks. 

j 

Chairyyyan. — Rev. Profo'-sor T. Wiltshire. , 
Secretary/ — Proies.sor T. R. Jones. ' 

Dr. 11. Woodward. 1 

To consider the best Methods for the 
Registration of all Type Specimens 
of Fossils in the British Isles, and 
to report on the same. 

1 

1 

Chairynan. — Dr. II. Woodward. | 

Secretary. — Mr. A. Smith Woodward. j 

Rev. G.F.Whidborne,Mr. R. Kidston, Pro- j 
fessor 11. G. Seeley, and Mr. U. Woods. 

The Collection, Preservation, and Sys- 
tematic Registration of Canadian 
Photographs of Geological Interest. 

Chairman. — Professor A. P. Coleman. 
Secretary. — Mr. Parks. 

Professor A. B. Willmott, Professor F. 
D. Adams, Mr. J. B. Tyrrell, and 
Professor W. W. Watts. 
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2. Kot receiving Grants of Money — continued. 


Subject for Investigation or Purpose 

The Investigation of the African Lake 
Fauna by Mr. J. E. Moore. 


To continue the investigation of the 
Zoology of the Sandwich Islands, with 
power to co-operate with the Com- 
mittee appointed for the purpose by 
the Royal Society, and to avail them- 
selves of such assistance in their in- 
vestigations as may be offered by the 
Hawaiian Government or the Trus- 
tees of the Museum at Honolulu. The 
Committee to have power to dispose 
of specimens where advisable. 

The Necessity for the immediate inves- 
tigation of the Biology of Oceanic 
Islands. 


To report on the present state of our 
Knowlcdgeof the Zoology and Botany 
of the West India Islands, and to 
take steps to investigate ascertained 
deficiencies in the Fauna and Flora. 

To work out the details of the Obser- 
vations on the Migration of Birds at 
Lighthouses and Lightships, 1 H80-S7. 


Zoological Bibliography and Publica- 
tion. 


Anthropomctiic Measurements in 
Schools. 


To co-operate with the Committee ap- 
pointed by the International Con- 
gress of Hygiene and Demography in 
the investigation of the Mental and 
Physical Condition of Children. 

Linguistic and Anthropological Cha- 
racteristics of the North Dravidians 
—the Uranws. 


Members of the Committee 


Chairman. — Dr. P. L. Sclater. 

Secretary . — Professor G. B. Howes. 

Dr. John Murray, Professor K. Ray 
Lankester, and Professor W. A. Herd- 
man. 

Chairman . — Professor A. Newton. 

Secretary. — Dr. David Sharp. 

Dr. W. T. Blanford, Professor S. J. Hick- 
son, Mr. O. Salvin, Dr. P. L. Sclater, and 
Mr. Edgar A. Smith. 


Chairman. — Sir W. H Flower, 

Nccrcfar//.- —Professor A C. Haddon 
Mr. G. C. Bouino, Dr. H. O. Forbc", Pro- 
fessor W. A. Herdman, Professor S. J 
Hickson, Dr. John Murray, Piolessoi 
A. Newton, and Mr A. E. Shipley’ 

Chairman. — Dr. P L. Sclater. 

Secretary. — i\lr G ]\I array, 

Mr. W. Carruthers, Dr. A. C. Guntluu*, Dr 
1). Sharp, i\Ir. F. Du Cane Godman, 
and Professor A. Newton. 

Chairman. — Professor A ISewton. 
Secretary. — Mr. John Cordeaux. 

Mr. John A. Harvie-Brown, Mr. H. ]\I. 
Barrington, Mr. W. K. Clarke. Pev. 
E P. Knubley, and Dr. 11. 0 Foibes. ! 

Chairman. Sir W. H. Flower. ' 

Secretary. — Mr F. A. Bather. 

Professor W. A Herdman, Mr W. K 
Hoyle, Dr. P. Liitley Sclater, Mi. Adam 
Sedgwick, Dr. D Sharp, Mr. C D | 
I Sherborn, Rev. T. R. R. Stebbing, and 
Professor W. F. R. Weldon. i 

Chairman. — Professor A. Macalistcr 
Secretary — Professor B. Windle. 

Mr. E. W. Brabrook, Professor J. CJe- 
land, and Dr, J. G. Garson. \ 

I 

Chairman. — Sir Douglas Galt on. | 

Secretary. — Dr. Francis Warner. i 

Mr. E. W. Brabrook, Dr. J. G. Gaison, ' 
and Mr. White Wallis. i 

j 

Chairman. — Mr. E. Sidney Hartland, ' 
Secretary. — Mr. Hugh Raynbird, jun. [ 
Professor A. C. Haddon and Mr. J. L. 
My res. 
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2. Not reccio niff Grants of Money — continued. 


Subject for Invchtigatiou or Purjwsc 


The physiological effects of Peptone 
and its Precursors when introduced 
into the circulation. 

The Establishment of a Biological 
Station in the Gulf of St. Lawrence. 


Members of the Committee 


Chairman . — Professor E. A. Schafer. 
Secretary . — Professor W. H. Thompson. 
Professor R. Boyce and Professor C. S. 
Sherrington. 

Chairman . — Professor E. E. Prince. 
Secretary . — Professor D. P. Penhallow. 
Professor J. Macoun, Dr. T. Wesle}' 
Mills, Professor E. Macbride, Dr. A. B 
Macallum, and Mr. W. T. Thiselton- 
Dyer. 


Communications ordered to he jn'inted in extenso. 

A Report on ‘ The Histoiical Development of Abelian Functions,’ by Dr. Harris 
Hancock. 

A Paper by Professor Callendar and Professor J. T. Nicolson on ‘ A New Apparatus 
for Studying the Rate of Condensation of Steam on a Metal Surface at different 
Temperatures and Pressures.’ 

The Table of Measurements made by Professor Martens for the Committee on 
‘ Calibration of Instruments in Engineering Laboratories.’ 

A Report by Dr Henry M. Ami on ‘ The State of the Principal Museums in Canada 
and Newfoundland.’ 


Resolutiorn^ referred to the Council for consideration^ and action 
if desirable. 

That, in view of the facts (1) that a Committee of Astronomers appointed by the 
Royal Society of London, in consequence of a communication from the Royal Society 
of Canada, has recently considered the matter, and has arrived at the conclusion that 
no change can now be introduced in the Nautical Almanac for 1901, and (2) that few 
Englisli A,stronomers are attending the Toronto Meeting of the Association, 

Resolved : That the Committees of Sections A and E arc not in a position to arrive 
at any definite conclusion with respect to the Unification of Time ; but they think it 
desirable to call the attention of the Council to the subject, in which the interests of 
Mariners are deeply involved, witli the view of their taking such action in the matter 
as may seem to them to be desirable 

That the Council be requested to consider the desirability of approaching the 
Government with a view to the establishment in Britain of experimental agricultural 
stations similar in character to those which are producing such satisfactory results in 
Canada. 

That a Committee be appointed to report to the Council whether, and, if so, in 
what form, it is desirable to bring before the Canadian Government the necessity for 
a Hydrographic Survey of Canada, and that the following be the Committee : — 

Professor A. .Johnson (Chairman and Secretary), Lord Kelvin, Professor G. H. 
Darwin, Admiral Sir W. J. L. Wharton, Professor Bovey, and Professor Maegregor. 


1897. 


f 
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Synopsis of Grants of Money appropriated to Scientific Purposes hy the 
General Committee at the Toronto Meeting^ August 1897. The 
Names of the Members entitled to call on the General Treasurer 
for the respective Grants are pi'ejixed. 

Mathematics and Physics. 

^Foster, Professor Carey — Electrical Standards 

^Symons, Mr. G. J. — Seismological Observations 

* Atkinson, Dr. E. — Abstracts of Physical Papers 

^Harley, Kev. R. — Calculation of Certain Integrals 

*Shaw, Mr. W. N. Electrolysis and Electro-chemistry ... 

Callendar, Prof. — ^INIeteorological Observatory at Montreal 

Chemistry. 

*Roscoe, Sir H. E. — Wave-length Tables of the Spectra of 


the Elements 20 0 0 

^Reynolds, Professor J. Emerson. — Electrolytic Quantitative 

Analysis 12 0 0 

^Thorpe, Dr. T. E. — Action of Light upon Dyed Colours 8 0 0 

Evans, Sir J, — Promotion of Agriculture 5 0 0 


Geology. 

*Hull, Professor E. — Erratic Blocks b 0 0 

*Bonney, Professor T. G. — Investigation of a Coral Reef 10 0 0 

*Flower, Sir W. H, — Fauna of Singapore Caves (Unexpended 

balance in hand, 40^. ) — 

’•^Geikie, Professor J. — Photographs of Geological Interest ... 10 0 0 

*Marr, Mr. J. E. — Life-zones in British Carboniferous Rocks 

(Unexpended balance in hand) — 

Dawkins, Professor W. Boyd. — Remains of the Irish Elk in 

the Isle of Man (Unexpended balance in hand) — 

^Jamieson, Mr. T. F. — Age of Rocks near Moreseat 10 0 0 

Dawson, Sir J. W. — Pleistocene Fauna and Flora in Canada 20 0 0 

Zoology, 

*IIerdman, Professor W. A. — Table at the Zoological Station, 

Naples 100 0 0 

*Bourne, Mr. G. C. — Table at the Biolosrical Laboratory, Ply- 
mouth 20 0 0 

^Flower, Sir W. H. — Index Generum et Specierum Anirnalium 100 0 0 

Miall, Prof. — Biology of the Lakes of Ontaiio 75 0 0 

'*Herdman, Prof. W. A. — Healthy and Unhealthy Oysters ... 30 0 0 

Carried forward i.’810 0 0 


£ s. d. 
75 0 0 
75 0 0 

100 0 0 
20 0 0 
.35 0 0 

50 0 0 


Reappointed. 



XCIX 


£ .9. d. 

Brought forward 810 0 0 

Geography, 

’^Ravensteiii, Mr. E. G. — Climatology of Tropical Africa 10 0 0 

Ecommlc Science and Statidics. 

Sidgwick, Prof. H. -State Monopolie.s in other Countries lo 0 0 

Price, Mr. L. L.— Future Dealings in Raw Produce 10 0 0 

3fe< 'half icn I Sc ic n ce„ 

■‘*^PreecCj Mr. W. H. — Small Screw Gauge 1^0 0 0 

Anthropology, 

'■Tylor, Professor E. R. North-Western Tribes of Canada ... 75 0 0 

Alunro, Dr. R. — Lake Village at Glastonbury 37 10 0 

"^Rrabrook, Mr. E. W. Ethnographical Survey (and unex- 
pended balance in hand) 25 0 0 

Evans, Mr. A. J. — Silchester Excavation 7 10 0 

^Dawson, Dr. G. M. — Ethnological Survey of Canada 75 0 0 

Turner, Sir W. — Anthropology and Natural History of 

Torres Strait 125 0 0 

Phyniology, 

Ga.skell, Dr. W. H. Investigation of Changes associated 
with the Functional Activity of Nerve Cells and their 
Peripheral Extensions 100 0 0 

Jiofd ny. 

Fanner, Professor d. B. — Fertilisation in Pliocophycea* 15 0 0 

Corrcspondi ng Soneties\ 

*^Meldola, Professor R. — Preparation of Report 25 0 0 

£1^150 'O 0 

* Itoappointed. 

The Annual Jfeetiiig in, 18'J8. 

The Annual IMeeting of tlie AssociatioTi in 1898 will commence; on 
Wednesday, Septembfu- 7, at llristol. 

77ir Annual Afceting in 1899. 

The Annual Meeting of the Association in 1899 will commence on 
Wednesday, Septcunber 1 3, at Dover. 

The Annual ALcethig in 1901. 

The Annual Meeting of the Association in 1901 will be held at 
<llasgow. 


f 2 
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General Statement of Sums which have been 'paid on account of 
Grants for Scientific Purposes, 


1834. 

£ s. d. 

Tide Discussions 20 0 0 


1835. 

Tide Discussions 62 0 0 

British Fossil Ichthj'ology ... 105 0 0 
iS167 0 0 


1836. 

Tide Discussions 163 0 0 

British Fossil Ichthyology ... 105 0 0 

Thcrmomctric Observations, 

&c 50 0 0 

Experiments on Long-con- 
tinued Heat 17 1 0 

Rain-gauges 0 13 0 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 

Thermometers 15 6 0 

£136 0 d 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterra- 
nean Temperature 03 3 0 

Vitrification Experiments ... 160 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Barometers 11 18 6 

~6 


1838. 

Tide Discussions 20 0 0 

British Fossil Fishes 100 0 0 

Meteorological Observations 
and Anemometer (construc- 
tion) 100 0 0 

Cast Iron (Strength of) 60 0 0 

Animal and Vegetable Sub- 
stances (Preservation of) ... 19 1 10 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud in Rivers .3 6 6 

Education Committee 60 0 0 

Heart Experiments 5 3 0 

Land and Sea Level 267 8 7 

Steam-vessels 100 0 0 

Meteorological Committee ... 31 9 6 


£932 2 2 


1839. 

£ s. d. 

Fossil Ichthyology 110 0 0 

Meteorological Observations 

at Plymouth, kc 63 lO* 0 

Mechanism of Waves 144 2 0 

Bristol Tides 35 18 6 

Meteorology and Subterra- 
nean Temperature 21 11 0 

Vitrification Experiments ... 9 4 0 

Cast-iron Experiments 103 0 7 

Railway Constants 28 7 t* 

Land and Sea Level 271 1 2 

Steam- vessels’ Engines 100 0 4 

Stars in llistoire Celeste 171 18 0 

Stars in Lacaille 11 0 6 

Stars in R.A.S. Catalogue ... 166 16 0 

Animal Secretions 10 10 6 

Steam Engines in Cornwall... 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Organic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Ob- 
servations, Inverness and 

Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 


£1595 1 1 0 


1840. 

Bristol Tides 100 0 0 

Subterranean Temperature ... 13 13 6 

Heart Experiments 18 19 0 

Lungs Experiments 8 13 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stars (Histoire C61este) 212 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations . 52 17 6 

Foreign Scientific Memoirs ... 112 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Phe- 
nomena 40 0 0 

Meteorological Observations 

at Plymouth 80 0 0 

Magnetical Observations 185 13 9 


£1546 16 4 



GENERAL STATEMENT. 


Cl 


1841. 

£ s. d. 

Obscrvationii on Wavos IJO 0 0 

Meteorology and 8ubten-a- 

nean Temperatiir(3 8 8 

Actinomcters 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons (> 0 0 

Veins and Absorbents 8 0 0 

A hid in Rivers 5 0 0 

Marine Zoology 1 .") 12 8 

Skeleton Maps 20 0 0 

Mountain Rarorneters 0 18 6 

Stars (Hisloire Celeste) 18.'> 0 0 

St.ars (Lacaille) 70 5 0 

St ais (Nomenclature of) 17 10 0 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

^Meteorological Observations 

at Inverness 20 0 0 

Meteorological Obscrvat ions 

(reduction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foreign Memoirs 02 0 0 

Railway Sections 88 1 G 

Forms of Vessels 108 12 0 

Meteorological ()bs('r\ ations 

at Plymouth 5.5 0 0 

IMagnetical Obsei vat ions 01 18 8 

Fishes of the Old Red Sand- 
stone 100 0 0 

Tides at Leith 50 0 0 

A'nernometer at Edinbuigli ... GO 1 10 

Tabulating Obsoi vat ions 0 0 8 

Races of Men 5 0 0 

Radiate .\ninials 2 0 0 


11285 10 11 


IS 12. 

D^mamometi 1 C- Instruments. . 

Anoplura Rritannke 

Tides at Bristol 

Oases on Liglit 

Chronometers 

Marine Zoology 

British Fossil Mammalia... . 

Statistics of Education 

Marine Steam- vessel s’ En- 
gines 

Stars (ITistoire Celeste) 

Stars (Brit. Assoc. Cat. oi) ... 

Railway Sections 

British Bolemnitcs 

Fossil Reptiles (piibhcatioii 

of Report) 

Forms of Vessels 

Galvanic Expeiimmits on 

Rocks 

Meteorological JCxperimeiits 

at Plymouth 

Constant Indicator and Dyna- 
mometric Instruments 


£ 5. d. 

Force of Wind 10 0 0 

Light on Growth of Seeds ... 8 0 0 

Vital Statistics 60 0 0 

Vegetative Power of Seeds ... 8 1 11 

Questions on Human Race ... 7 9 0 


P1449 17 8 


1848. 

IRwision of the Nomenclature 

of Stars 2 0 0 

Reduction of Stars, British 

Association Catalogue 25 0 0 

Anomalous Tides, Firth of 

Forth 120 0 0 

Hourly Meteorological Obser- 
vations at Kingussie and 

Inverness 77 12 8 

Meteorological Observations 

at Plymouth 55 0 0 

W he wel Ts Meteorological Ane- 
mometer at Plymout h 10 0 0 

Meteorological Observations, 

Osier’s Anemometer at Ply- 
mouth 20 0 0 

Reiluction of Meteorological 

Observations 80 0 0 

IM e teo rol og i cal 1 1 1 st ru m ent s 

and Gratuities 89 6 0 

Construction of Anemometer 

at Inverness oG 12 2 

Magnetic Co-operation U) 8 10 

]M(‘teorological Recorder for 

Kew Observatory 50 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Ob- 
servatory, Wages, Itcpairs, 

Furmtuie, and Sundiics ... 188 4 7 

Experiment-, by Captive Bal- 
loons 81 8 0 

Oxidation of the Rails of 

Railways 20 0 0 

Publication of Repoit on 

Fossil Reptiles 10 0 0 

Coloured Drawings of Rail- 
way Sections 147 18 3 

Rogi.stration of Earthquake 

Shoeks .80 0 0 

Ro])ort on Zoological Nomen- 
clature 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 6 

AA'gctative Power of Seeds ... 5 3 8 

Marine Testacea (Habits of) . 10 0 0 

Marino Zoology 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on Bri- 
tish Fossil Mammalia 100 0 0 

Physiological Operations of 

Medicinal Agents 20 0 0 

Vital Statistics 36 6 8 


118 11 2 
52 12 0 
59 8 0 
.80 11 7 
26 17 6 
1 5 0 

JOO O 0 
20 0 0 

28 0 0 
59 0 0 

no 0 0 

IGl 10 0 
50 0 0 

210 0 0 
ISO 0 0 

5 8 G 

G8 0 0 

90 0 0 
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£ s. d. 

Additional Expciimcnts on 

tlic Eoims of Vessels 70 0 0 

Additional Experiments on 

the Forms of Vessels 100 0 0 

Reduction of Experiments on 

the Forms of Vessels ... .100 0 0 

Morin’s Instrument and Con- 
stant Indicator G9 14 10 

Experiments on the Strength 

of Materials 60 0 0 


£1665 10 2 


1814. 

Meteorological Observations 
at Kingussie and Inverness 12 0 0 
Completing Observations at 

Plymoutli ,35 0 0 

Magnetic and Meteorological 

Co-operation 25 8 4 

Publication of the Pritish 
Association Catalogue of 

Stars .35 0 0 

Observat ions on Tides on the 

East Coast of Scotland ... 100 0 0 

Revision of the Nomenclature 

of Stars 1842 2 0 6 

Maintaining the Establish- 
ment at Kew Observa- 
tory 117 17 .3 

Instruments for Kew Obser- 
vatory 56 7 .3 

Intluence of Light on Plants 10 0 0 

Subterraneous Temperature 

in Ireland 5 0 0 

Coloured Drawini>s of Rail- 
way Sections 15 17 6 

Investigation of Fo.ssil Fishes 

ofthc Lower Tertiary Strata 100 0 0 
Registering the Shocks of 

Earthquakes 1842 23 11 10 

Structure of Fossil Shells ... 20 0 0 

Radiata and Mollusca of the 

.Aegean and Red Seas 1842 100 0 0 

Geographical Distiihutioiisof 

Marino Zoology 1812 0 10 0 

IMarine Zoology of Devon and 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality 

of Seeds 9 0 0 

Experiments on the Vitality 

of Seeds 1842 8 7 3 

Exotic Anoplura 15 0 0 ] 

Strength of Materials 100 0 0 

Completing Experiments on ' 

the Forms of Ships 100 0 0 ' 

Inquiries into Asphyxia 10 0 0 ‘ 

Investigations on the Int crnal 

Constitution of Metals... . 50 0 0 ' 

Constant Indicator and Mo- 
rin’s Instrument 1842 10 0 0 , 

£Wi~T 2~' 8 i 


1815. 

£ «. d. 

Publication of tlie Britisli As- 
sociation Catalogue of Stars 351 14 6 


Meteorological Observations 

I at Inverness 30 18 11 

i Magnetic and Meteorological 

Co-operation 16 16 8 

Meteorological Instruments 

at Edinburgh 18 11 0 

Reduction of Anemomotrical 

Observations at Plymouth 25 0 0 

Electrical Experiments at 

Kew Observatory 43 17 8 

Maintaining the Establish- 


ment at Kew Observatory 149 15 0 

For KreiPs Rarometrograph 25 0 0 

Gases from Iron Furnaces... 50 0 0 

The Actinograph 15 0 0 

Microscopic Structure of 

Shells 20 0 0 

Exotic Anoplura 1843 10 0 0 

Vitality of Seeds 1843 2 0 7 

Vitality of Seeds 1844 7 0 0 

Marine Zoology of (.ornwall . 10 0 0 

Physiological Act ion of Medi- 
cines 20 0 0 

Statistics of Sickness and 

Mortality in York 20 0 0 

Earthquake Shocks 1843 15 14 8 

£831 9 9 


] 846. 

j British Association Catalogue 

of Stars 1841 211 15 0 

. Fossil Fishes of the London 

Clay 100 0 0 

Computation of the Gaussian 

Constants tor 1 829 50 0 0 

' Maintaining the l^stablish- 
; ment at Kew Obser\ atory 146 16 7 

‘ Strength of Materials 60 0 0 

' Researches in Asphyxia 6 16 2 

I Examination of Fossil Sliells 10 0 0 

i Vitality of Seeds 1841 2 15 10 

, Vitality of Seeds 1845 7 12 .3 

' jMarinc Zoology of Cornwall 10 0 0 
Marine Zoology of Britain ... 10 () O 

[ Exotic Anoplura 1844 25 0 0 

Expenses attending Anemo- 
meters 11 7 6 

Anemometers’ Repairs 2 3 6 

Atmospheric Waves 3 .3 3 

Captive Balloons 1811 8 19 8 

Varieties of the Human Raco 

1814 7 6 .3 

Statistics of Sickness and 

Mortality in York 12 0 0 


£685 16 0 
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1847. 

& 5 . d. 

Compulation of the Gaussian 


Constants for 1829 50 0 0 

Habits of Marine Animals ... 10 0 0 

Physiological Action of Medi- 
cines 20 0 0 

Marine Zoology of Cornwall 10 0 0 

Atmospheric Waves 6 9 B 

Vitality of Seeds 4 7 7 

Maintaining the Establish- 


ment at Kew Observatory 107 8 6 

£208 .5 4 


1848. 

Maintaining the Establish- 
ment at Kew Observatory 171 15 11 

Atmospheric Waves B 10 9 

Vitality of Seeds 9 15 0 

Completion of Catalogue of 

Stars 70 0 0 

On Colouring Matters 5 0 0 

On Growth of Plants 15 0 0 

£275 ^ 1 8 


1849. 

Electrical Observations at 

Kew Observatory 50 0 0 

Maintaining the Establish- 
ment at ditto 76 2 5 

Vitality of Seeds 5 8 I 

On Growth of Plants 5 0 0 

Registration of Periodical 

Phenomena 10 0 0 

Bill on Account of Anemo- 

metrical Observations IB 9 0 


£159 19 6 


1850. 


Maintaining the Establish- 


ment at. Kew Observatory 

255 

18 

0 

Transit of Earthquake Waves 

50 

0 

0 

Pciiodical Phenomena 

15 

0 

0 

Meteorological Instruments, 




Azores 

25 

0 

0 

£ 

B45 

18 

0 

1851 




Maintaining the Establish- 




ment at Kew Observatory 




(includes part of grant in 




1849) 

BOO 

2 

2 

Theory of Heat 

20 

1 

1 

Periodical Phenomena of Ani- 




mals and Plants 

5 

0 

0 

Vitality of Seeds 

5 

6 

4 

Influence of Solar Radiation 

BO 

0 

0 

Ethnological Inquiries 

12 

0 

0 

Researches on Annelida 

10 

0 

0 

£ 

Bt)l 

9 

7 


1852. 

£ «. d. 

Maintaining the Establish- 
ment at Kew Observatory 
(including balance of grant 


for 1850) 2B3 17 8 

Experiments on the Conduc- 
tion of Heat 5 2 9 

Influence of Solar Radiations 20 0 0 

Geological Map of Ireland ... 15 0 0 

Researches on the British An- 
nelida 10 0 

Vitality of Seeds 10 6 

Strength of Boiler Plates 10 0 


£B04 6 7 


185B. 

Maintaining the Establish- 
ment at Kew Observatory 165 0 0 


Experiments on the Intluerice 

of Solar Radiation 15 0 0 

Researches on the British 

Annelida 10 0 0 

Dredging on the East Coast 

of Scotland 10 0 0 

Ethnological Queries 5 0 0 


£205 “O 0 


1854. 

Maintaining the Establisli- 
ment at Kew Observatory 


(including balance of 

former grant) 3B0 15 4 

Investigations on Flax 11 0 0 

Elfects of Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical 

Phenomena 10 0 0 

Bril ish Anni lida 10 0 0 

Vitality of Seed‘d 5 2 B 

Conduction of Heat 4 2 0 


£B80 19 7 


Maintaining the Establish- 
ment at Kew Observ'al ory 425 0 0 


Earthquake Movements .... 10 0 0 

Plq'sical Aspect of the ]\Ioon 11 8 5 

Vitality of Seeds 10 7 11 

iMa]) of the World 15 0 0 

Ethnological Queiics 5 0 0 

Dredging near Itelfast. 4 0 0 


£480 16 4 


J 856. 

Maintaining the Establish- 
ment at Kew Observa- 
tory 
1854. 

1855., 


£ 75 0 01 . 

£500 0 0/ ^ ^ 


o w o 



civ REPORT- 

£ s. d. 

Strickland’s Ornithological 

Synonyms 100 0 0 

Dredging and Dredging 

Forms 9 13 0 

Chemical Action of Light ... 20 0 0 

Strength of Iron Plates 10 0 0 

Registration of Periodical 

Phenomena 10 0 0 

Pi’opagation of Salmon 10 0 0 


13 9 


1857. 

Maintaining the Establish- 
ment at Kcw Observatory 350 0 0 


Earthquake Wave Experi- 
ments 40 0 0 

Dredging near Belfast 10 0 0 

Dredging on the West Coast 

of Scotland 10 0 0 

Investigations into the Mol- 

lusca of California 10 0 0 

Experiments on Flax 5 0 0 

Natural History of Mada- 
gascar 20 0 0 

Kesearches on British Anne- 
lida 25 0 0 

Report on Natural Products 

imported into Liverpool . . 10 0 0 

Artificial Propagation of Sal- 
mon 10 0 0 

Temperature of Mines 7 8 0 

Thermometers for Subterra- 
nean Observations 5 7 4 

Life-boats 5 0 0 


£507 1 5 4 


1858. 

Maintaining the Establish- 
ment at Kew Observatory 500 0 0 


Earthquake AVave Experi- 
ments 25 0 0 

Dredging on the West Coast 

of Scotland 10 0 0 

Dredging near Dublin 5 0 0 

Vitality of Seeds 5 5 0 

Dredging near Belfast 18 13 2 

Report on the British Anne- 
lida 25 0 0 

Experiments on the produc- 
tion of Heat by Motion in 

Fluids 20 0 0 

Report on the Natural Pro- 
ducts imported into Scot- 
land 10 0 0 


£618 18' 2 


1869. 

Maintaining the Establish- 
ment at Kew Observatory 500 0 0 
Dredging near Dublin 15 0 0 


■ 1897 . 


e t. d. 

Osteology of Birds 50 0 0 

Irish Tunicata 5 0 0 

Manure Experiments 20 0 0 

British Mediisidie 5 0 0 

Dredging Committee 5 0 0 

Steam -vessels ’Performance... 5 0 0 

Marine Fauna of South and 

West of Ireland 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon A.scents 39 11 0 


£684 11 1 


1860. 

Maintaining the Establish- 
ment at Kew Observatory 500 0 0 

Dredging near Belfast 16 ('» 0 

Dredging in Dublin Bay 15 0 0 

Inquiry into the Performance 

of Steam- vessels 124 0 0 

Explorations in the Yellow 
Sandstone of Dura Den .. 20 0 0 

Chemico-mcchanical Analysis 

of Rocks and Minerals 25 0 0 

Researches on the Crowth of 

Plants 10 0 0 

Researches on the Solubility 

of Salts 30 0 0 

Rcscarcheson t hcConstit uent s 

of Manures 25 0 0 

Balance of Captive Balloon 
Accounts 1 13 6 


£766 19 "G 


1861. 


Maintaining the Establish- 




ment at Kew Observatory.. 

:00 

0 

0 

Earthquake Experiments 

Dredging Noith and East 

25 

0 

0 

Coasts of Scotland 

Dredging Committee •— 

23 

0 

0 

1860 £50 0 0 \ 

1861 £22 0 0 / 

72 

0 

0 

Excavations at Dura Den 

20 

0 

0 

Solubility of Salts 

20 

0 

0 

Steam- ve.ssGl Performance . . . 

1 50 

0 

0 

Fossils of Lesmaliagow 

15 

0 

0 

Explorations at Uriconium ... 

20 

0 

0 

Clmmical Alloys 

Classified Index to the Trans- 

20 

0 

0 

actions 

Dredging in t he Mersev and 

100 

0 

0 

Dee .* 

5 

0 

0 

Dip Circle 

Photoheliograpliic Observa- 

30 

0 

0 

tions 

50 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water 

JO 

0 

0 

Alpine Ascents 

6 

6 

10 

Constituents of Manures 

26 

0 

0 

£1111 

6 

10 



GENERAL STATEMENT. 


CV 


1862. I 

£ s. d. I 

Maintaining: tlie Establish- 
ment at Kew Observatory 600 0 0 

•Patent Laws 21 6 0 

Mollusca of N.-W. of America 10 0 0 

Natural History by Mercantile 

Marine 5 0 0, 

Tidal Observations 25 0 0 

Photoheliometer at Kew 40 0 0 

Photographic Pictures of the 

Sun 150 0 0 

Kocks of Donegal 25 0 0 

Dredging Durham and North- 
umberland ('oasts 25 0 0 

Oonncction of Storms 20 0 0 j 

Dredging North-east. Ooast I 

of Scotland 0 9 6 

Ravages of Teredo 3 11 0 

Standards of Electrical Re- 
sistance 50 0 0 ' 

Railway Accidents 10 0 0 , 

I'lalloon Committee 200 0 0 ' 

Dredging Dublin Ray 10 0 0 ‘ 

Dredging the Mcisey 5 0 0 , 

Prison Diet 20 0 0 t 

Gauging of Water 12 10 o' 

Steamships’ Perfoimance 150 0 0 ■ 

Thermo-electric Currents . . 5 0 () ' 


£1299 10 0 I 


1 863. I 

Maintaining the Establish- j 

ment at Kew Observatoiy... 600 0 0 I 

Ralloon Committee deficiency 70 0 0 | 

P>alloon Ascents (other ex- , 

penses) 25 0 0 

Entozoa 25 0 0 

(foal Fossils 20 0 0 , 

Herrings 20 0 0 ; 

(iranitcsof Donegal 5 () 0 i 

Prison Diet 20 0 0 i 

Vertical Atmo^pheiic Move- 
ments 13 0 0 

Dredging Shetland 50 0 0 

Dredging Nortii-east. Coast of 

Scotland 25 0 0 

Dredging Nort hiimberland 

and Durham 17 3 10 

Di edging (fonimit tee superin- | 

tcrdence 10 0 0 j 

Steamship Pciformance 100 0 0 1 

Ralloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Volcanic Temporatuic 100 0 0 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Electrical Construction and 

Distribution 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings for 

Photoheliograph 100 0 0 i 


£ s. d. 

Thermo-electricity 15 0 0 

Analysis of Rocks 8 0 0 

Hj^droida 10 0 0 


£1608 3 10 


1864. 

Maintaining tlic Establish- 
ment at Kew Observatory.. GOO 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments 20 0 0 

Dredging, Shetland 75 0 0 

Dredging, Northumberland... 25 0 0 

Balloon Committee 200 0 0 

Carbon iimler pressure 10 0 0 

Standards of Elect nc Re- 
sistance 100 0 0 

.\nalysis of Rocks 10 0 0 

Hydroida 10 0 0 

Askham’s (Jift, 50 0 0 

Nitrite of Amylc 1(4 0 0 

Nomenclature Committee ... 5 () 0 

Rain-gauges 19 15 8 

Cast-iron Invest igation 20 0 0 

Tidal Obseivations in the 

Humber 50 0 0 

Spectral Rays 45 0 0 

Luminous Meteors 20 0 0 


£1289' 15 8 


1865. 

j\raint.aining the Establish- 
ment at Kew Observatory.. 600 0 0 

Balloon Committee 100 0 0 

Hydroida..., 13 0 0 

Rain-gauges 30 0 0 

Tidal Observations in the 

Humber G 8 0 

Hexyl 1C ComjMjiiuds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American Mollusca 3 9 0 

Organic Acids 2() 0 0 

Lingula Flags Excavation ... 10 0 0 

Eurypterus 50 0 0 

Electrical Standards ](J0 0 0 

Alalta Caies Reseaichcs 30 0 0 

Oyster Breeding 25 0 0 

Gibraltar Caves Rc'searches... 150 0 0 

Kent’s Hole Excavations 100 0 0 

Moon’s Surface Observations 35 0 0 

Marine Fauna 25 0 0 

Dredging Abel deensliiie 25 0 0 

Dredging (^hannel Islands ... 50 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies 

in Water 100 0 0 

Bath Waters Analysis 8 10 10 

Luminous Meteors 40 0 0 


£1591 7 10 



CVl 


REPORT — 1897. 


18G6. 

£ ». d. 

Maintain ill the Establihh- 

menl at Kcw Observatory. . GOO 0 0 

Lunar Committee Gl 13 4 

Balloon Committee 50 0 0 

Metrical Committee 50 0 0 

Biitish Rainfall 50 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fossil Leaf -bed ... 15^ 0 0 

Luminous Meteors 50 0 0 

Lin»ula Flatus Excavation .. 20 0 0 

Chemical Constitution of 

Cast Iron 50 0 0 

Amyl Compounds 25 0 0 

Electrical Standaids 100 0 0 

Malta Caves Exploration 30 0 0 

Kent's Hole Exploration 200 0 0 

Marine Fauna, &c., Devon 

and Cornwall 25 0 0 

Drcdg'ingAberdeenshiie Coast 25 0 0 

Dredging Hebrides Coast ... 50 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodu'S 

in Water 50 0 0 

Polycyanidesof Organic Radi- 
cals 20 0 0 

Rigor Mortis 10 0 0 

Irish Annelida 15 0 0 

Catalogue of Crania 50 0 0 

Didin e Birds of Mascarene 

Islands 50 0 0 

Typical Crania Researches ... 30 0 0 

Palestine Exploration Fund... 100 0 0 
£B750 13 4 


18G7. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 

Meteorological Instruments, 


Palestine 50 0 0 

Lunar Commit! ee 120 0 0 

Metrical Committee 30 0 0 

Kent’s Hole Explorations ... 100 0 0 

Palestine Explorations .50 0 0 

Insect Fauna, Palestine 30 0 0 

British Rainfall 50 0 0 

Kilkenny Coal Fields 25 0 0 

Alum Bay Fossil Leaf -bed ... 25 0 0 

Luminous Meteors .50 0 0 

Bournemouth, Ac., Ijcat-beds ;>() 0 0 

Dredging Shetland 75 0 0 

Steamship Repoits Condensa- 
tion 100 0 0 

Elect 1 i cal Standards 100 0 0 

Ethyl and Metliyl Senes 25 0 0 

Fossil Crustacea 25 0 0 

Sound under Wafer 24 4 0 

North Greenland Bauna 75 0 0 

Do. Plant Bed.s 100 0 0 

Iron and St eel Manufacture... 25 0 0 

Patent Laws 30 0 0 


±1730 4 0 


1 1868. 

' £ s. d. 

Maintaining the Establish- 
ment at Kcw Observatory. . COO 0 0 

Lunar Commit! ee 120 0 0 

; Metrical Committee 50 0 0 

I Zoological Record 100 0 0 

Kent’s Hole Explorations ..150 0 0 

Steamship Performances . 100 0 O 

British Rainfall 50 0 0 

Luminous Meteors .50 0 0 

Organic Acids 60 0 0 

Fossil Crustacea 25 0 0 

ftlcthyl Scries 25 0 0 

Mercury and Bile 25 0 0 

Organic Remains in Lime- 
stone Rocks 25 0 0 

Scottish Earthquakes 20 0 0 

Fauna, Devon and Cornwall.. 30 0 0 

British Fossil Corals 50 0 0 

Bagshot Leaf-beds 50 0 0 

Greenland Explurat ions 100 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 50 0 0 

Spectrosco])ic Investigations 

of Animal Substances 5 0 0 

Secondary Reptiles, Ac 30 0 0 

British Marine Invertebiate 

Fauna 100 0 0 


£1040 0 0 


1869. 

Maint.iining the Establish- 
ment at Kew Observatory. .600 0 0 

Lunar Committee 50 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Conumttee on Gases in Deep- 

well Water 25 0 0 

Biitisli Rainfall 50 0 0 

Thermal Conductivity of Iron, 

Ac 30 0 0 

Kent’s Hole Explorations 150 0 0 

Steamship Performances 30 0 0 

Chemical Constitution of 

Cast Iron 80 0 0 

Iron and Steel Manufact arc UK) 0 (► 

Methyl Series 30 0 0 

Organic Remains in Lime- 
stone Rocks 10 0 0 

Ear! lupiakes in Scotland 10 0 0 

Briti.sh Fo.s.sil Corals 50 0 0 

Bagsliot Leaf-beds 30 0 0 

Fossil Flora 2.5 0 0 

Tidal Observations 100 0 0 

Underground Tempera! lire ... 30 0 0 

Spectroscopic Investigations 

of Animal Substances 5 0 0 

Organic Acids 12 0 0 

Kiltorcan Fossils 20 0 0 



GENERAL STATEMENT, 


evil 


£ 8. d. 

CluMnioal Constitution an<l 
l‘hysiolo‘^ical Action llcla- 


tions 

Mountain Limestone Fossils 25 0 0 ^ 

Ut ilisat ion of Sewage 10 0 0 j 

I’rodncts of Digestion 10 0 0 j 


ijir,22 0 0 


1870. 


.Maintaining the Establish- ' 

ment at Kew Observatory COO 0 0 

^Metrical Committee 25 0 0 

Zoological Ilccord 100 0 0 

< 'ommittce on Marine Fauna 20 0 0 

Ears in Fishes 10 0 0 

Chemical Nature of Cast 

Iron 80 0 0 ' 

huminoiis Meteors 50 0 0 > 

Heat in the Flood 15 0 0 

British Rainfall 100 0 0 

Thermal Conductivity of 

Iron, &c 20 0 0 

British Fossil (^oials 50 0 0 

Kent’s Hole Explorations ... 1.50 0 0 ■ 

JSeottish Eartluiuakes 4 0 O' 

Bagsliot Leaf-beds 15 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Trni])ei«ituic ... 50 0 0 ' 

Kiltorcan Quarries Fossils ... 20 O 0 

Mountain Limestone Fossils 25 0 0 . 

Utilisation of Sewage 50 0 0 [ 

Organic Chemical Compounds .‘>0 0 0 ! 

Onny River Sediment 5 0 O' 

Mechanical Ecpii valent of 

Heat 50 0 0 i 


£0572 0 0 


1871 . 


Maintaining the Establish- 


ment at Kow Observatory 

cot) 

0 

0 

JMontlily Reports of Progress 




in Chemistry 

100 

0 

0 

Metrical C'ommittc'c 

25 

0 

{) 

Zoological Uecoid 

100 

0 

0 

Thermal Equivalents of the 




Oxides of Chlorine 

10 

0 

0 

'I'idal Observations 

100 

0 

0 

Fossil Flora 

25 

0 

0 

Luminous Meteors 

50 

0 

0 

British Fossil Corals 

25 

0 

0 

Heat in the Blood 

7 

2 

6 

British Rainfall 

50 

0 

0 

Kent’s Hole Exploiations ... 

150 

0 

0 

Fossil Crustacea 

25 

0 

0 

Methyl Compounds 

25 

0 

0 

Lunar Objects 

20 

0 

0 


£ s. d. 

Fossil Coral Sections, for 


Photographing 20 0 0 

Bagshot Leaf-beds 20 0 0 

Moab Explorations 100 0 0 

Gaussian Constants 40 0 0 


£1472 2 6 


1872. 

Maintaining the Establish- 
ment at Kew Observatory .300 0 0 

Metrical Committee 75 0 0 

Zoological Record 100 0 0 

Tidal Committee 200 0 0 

Carboniferous Corals 25 0 0 

Organic Chemical Compounds 25 0 0 

Exploration of Moab 100 0 0 

Tcrato-erabryological Inqiii- 

iies 10 0 0 

Kent’s Cavern Exploration.. 100 0 0 

Luminous Meteors 20 0 0 

Heat in the Blood 15 0 0 

Fossil Crustacea 25 0 0 

Fossil Elepbants of Malta . . 25 0 0 

Tamar Objects 20 0 0 

Inverse Wave-lengths 20 0 0 

British Rainfall 100 0 0 

Poisonous Substances Anta- 
gonism 10 0 0 

Essential Oils, Chemical Con- 
stitution, kc 40 0 0 

Mathematical Tables 50 0 0 

Thermal Conductivity of Me- 
tals 25 0 0 


£1285 0 0 


187.3. 

Zoological Record 100 0 0 

Chcmistr 3 Mlf cord 200 0 0 

Tidal Committee 400 0 0 

Sewage Committee 100 0 0 

Kent's (tavern Exploi at ion ... 150 0 0 

Carboniferous (Morals 25 0 0 

Fos.sil Elephants 25 0 0 

Wave-lengths 150 0 0 

British Rainfall 100 0 0 

Essential Oils 50 0 0 

Mathematical Tables 100 0 0 

Gaussian Constants 10 0 0 

Sub-Wealden Explorations... 25 0 0 

Underground Temperature ... 150 0 0 

Settle Cave Ex]vh)ration 50 0 0 

Fossil Flora, Ireland 20 0 0 

Timber Denudation and Bain- 

lall 20 0 0 

Luminous iMetcors 50 0 0 


£1685 0 0 
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REPORT — 1897. 


1874. 

£ if. d. \ 

Zoolo^^ical llecord 100 0 0 | 

<Jhemibtry Record 100 0 0 J 

Mathematical Tables 100 0 0 

Elliptic Functions 100 0 0 

Liglitning Conductors 10 0 0 

Thermal Conductivity of 

Rocks 10 0 0 

Anthropological Instructions 50 0 0 
Kent's Cavern Exploration... 1.50 0 0 

Luminous Meteois 30 0 0 

Intestinal Secietions 15 0 0 

British Rainfall 100 0 0 

Essential Oils 10 0 0 

Sub-Wealdcn Explorations ... 25 0 0 

Kettle Cave Exploration .50 0 0 

Aiauritius Meteorology 100 0 0 

Magnetisation of Iron 20 0 0 

^larine Organisms 30 0 0 

Fossils, North-West of Scot- 
land 2 10 0 

PJiysiological Action of Light 20 0 0 

Trades Unions 25 0 0 

Mountain Limestone-corals 25 0 0 

Erratic Blocks 10 0 0 

Dredging, Durham and York- 
shire Coasts 28 5 0 

High Temperature of Bodies 30 0 0 

Siemens’s Pyrometer 3 0 0 

Lahyrinthodonts of Coal- 

measures 7 15 0 


£1151 10 0 

1 875. 

Elliptic Functions 10) 0 0 

Magnetisation of Iron 20 0 0 

British Rainfall 120 0 0 

Luminous Meteors 30 0 0 

Chemistry Record 100 0 0 

Kpecilic Volume of Liquids... 25 0 0 

Estimation of Potash and 

Phosphoric Acid 10 0 0 

Isometric Crcsols 20 0 0 

Kub-Wealden Explorations ... 100 0 0 
Kent's Cavern Exploration... 100 0 0 

Kettle Cave Exploration 50 0 0 

Earthquakes in Scotland . . . 15 0 0 

Underground VVaters 10 0 0 

])cv(dopmcnt of Myxinoid 

Fishes 20 0 0 

Zoological Record 100 0 0 

L n&t ructions for Travcllei.s ... 20 0 0 

Intestinal Secretions 20 0 0 

Palc.stine Exploration 100 0 0 

£06T~ 10 

187C. 

PrintingMatlicmaticalTablcs 150 4 2 

British Rainfall JOO 0 0 

Ohm’s Law 9 15 o 

Tide Calculating Machine ... 200 0 0 
Specific Volume of Liquids... 25 0 0 


£ .f. d. 

Isomeric Cicsols 10 0 0 

Action of Ethyl Bromobuty- 
rate on Ethyl Sodaccto- 

acetatc 5 0 0 

Estimation of Potash and 

Phosphoric Acid 13 0 0 

Exploration of Victoria Cave 100 0 0 

Geological Record 100 0 () 

Kent’s Cavern Exploration ... 100 0 0 

Thermal Conductivities of 

Rocks 10 0 0 

Underground Waters 10 0 0 

Earthquakes in Scot land 1 10 0 

Zoological Record 100 0 () 

Close Time 5 0 0 

Physiological Action of 

Sound 25 0 0 

Naples Zoological Station ... 75 0 0 

Intestinal Secretions 15 0 0 

Physical Characters of Inha- 
bitants of Brit ish Isles 13 15 0 

Measui ing Speed of Ship'; ... 10 0 0 

Effect of Propeller on turning 
of Steam-vessels 5 0 0 


£101)2 4 2 


1877. 

Liquid Cailmnic Acid in 

^lineials 20 0 0 

Elliptic Functions 250 0 0 

Thoimal Conductivity of 

Rocks 9 11 7 

Zoological Record 100 0 0 

Kent’s Cavern 100 0 0 

Zoological Si at ion at Naples 75 0 0 

Luminous Meteors .30 0 0 

Elasticity of Wires 100 0 0 

Diptc rocarpcie, Report on ... 20 0 0 

Mechanical Equivalent of 

Heat .* 35 0 0 

Double Compounds of Cobalt 

and Nickel 8 0 0 

Underground Tern porat lire ... 50 0 0 

Settle Cave Exploration 100 0 0 

Underground Waters in New 

Red Sandstone 10 0 0 

Action of Ethyl Bromobuty- 
rate on Ethyl Sodaccto- 

acetate 10 0 0 

British Earthworks 25 0 0 

Atmospheric Electricity in 

India 15 0 0 

Development of Light from 

Coal-gas 20 0 0 

Estimation of Potash and 

Phosphoric Acid 1 18 0 

Geological Record 100 0 0 

Anthropometric Committee 34 0 0 

Physiological Action of Phos- 
phoric Acid, &c 15 0 0 


£1128 9 7 



GENERAL STATEMENT. 


1878. 

£ .V. d. 

Ex])loralion of Settle Caves 100 0 0 

Gcolofi^ical Record 100 0 0 

Investigation of Pulse Pheno- 
mena by means of Siphon 

Recorder 10 0 0 

Zoological Station at Naples 7o 0 0 
Invest igation of Undergi ound 

Waters 13 0 0 

Transmission of Electrical 
Impulses througli Nerve 

Structure 30 0 0 

Calculation of Pact or Table 

for 4th Million 100 0 0 

A'ntliiopometric Committee... GO 0 0 
Composition and Structure of 

less -known Alkaloids 25 0 0 

Exploration of Kent’s Cavern .50 0 0 

Zoological Record 100 0 0 

Fermanagh Caves Explora- 
tion 15 0 0 

Thermal Conductivity of 

Rocks 4 10 0 

Luminous Meteors 10 0 0 

Ancient Earthworks 25 0 0 


£725 10 0 


1870. 


Table at the Zoological 

Station, Naples 75 0 0 

Miocene Flora of the Basalt 
of the North of Ireland ... 20 0 0 

Tllustrat.ions for a Monogra[>li 

on the Mammoth 17 0 0 

Record of Zoological Liteia- 

tiue 100 0 0 

Composition and Structure of 

loss-known Alkaloids 25 0 0 

Exploration of Caves in 

Borneo 50 0 0 

Kent’.s Cavern FiXplorat ion ... 100 0 0 

Record of the Progress ot 

Geology 100 0 0 

Fermanagli Caves Exploration 5 0 0 

Electrolysis of Metallic Solu- 
tions and Solutions of 

Compound Salts 25 0 0 

Anthropometric Committee... 50 0 0 
Natural History of Socotra ... 100 0 0 

Calculation of Factor Tables 

for 5th and 0th Millions ... 150 0 0 

Underground Waters 10 0 0 

Steering of Screw Steamers... 10 0 0 

Improveraent.s in Astrono- 
mical Clocks 30 0 0 

Marine Zoology of Soulli 

Devon 20 0 0 

Determination, of Mechanical 

Equivalent of Heat 12 15 6 


cix 
£ s. d 

Specific Inductive Capacity 


of Sprengol Yacuum 40 0 0 

Tables of Sun-heat Co- 

enicicnlh 30 0 0 

Datum Level of the Ordnance 

Survey 10 0 0 

Tables of Fundamental In- 
variants of Algebraic Forms 30 14 0 

Atmospheric Electricity Ob- 

.servations ill Madeira 15 0 0 

Instrument for Detecting 

Fire-damp in iMines 22 0 0 

Instruments for Measuring 

tlie Speed of Ships 17 1 8 

Tidal Observations in the 

English Channel 10 0 0 


£1080 11 11 


1880. 

New Form of High Insulation 

Key 10 0 0 

Underground Temperature ... 10 0 0 

Determination of the Me- 
chanical Equivalent of 

Heat 8 5 0 

ElasticiljMif Wiies 50 0 0 

Luminous Meteors 20 () 0 

Lunar Disturbance of Gravity 30 0 0 

Fundamental Invariants 8 5 0 

Laws of Water Friction 20 0 0 

Specific Inductive Capacity 

of Sprengel Vacuum 20 0 0 

Completion of Tables of Sun- 

heat Coefficients 50 0 0 

Instrumimt for Detection of 

Fire-damp in Mines 10 0 0 

Inductive Capacity of Cr^’^stals 

and Paraffines 4 17 7 

Report on Carboniferous 

Polyzoa 10 0 O 

Caves of South Ireland 10 0 0 

Viviparous Nature of Ichthj^o- 

saiirus 10 0 0 

Kent’s Cavern Exploration ... 50 0 0 

Geological Record 100 0 0 

Miocene Flora of the Basalt 

of North Ireland 1 .5 0 0 

Underground Waters of I‘er- 

mian Formations 5 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Table at Zoological Station 

at Naples 75 0 0 

Investigation of the Geology 

and Zoology of Mexico 50 0 0 

Anthropometry 50 0 0 

Patent Laws 5 0 0 


£731 7 7 



cx 


REPORT — 1897. 


1881. I 

£, 8. d. 

Lunar Disturbance of Gravity 30 0 0 

Underground Temperature ... 20 0 0 

Electrical Standards 25 0 0 

High Insulation Key ,5 0 0 

Tidal Observations 10 0 0 

Specific Refractions 7 .3 1 

Fossil Polyzoa 10 0 0 

Underground Waters 10 0 0 

Earthquakes in Japan 25 0 0 

Tertiary Flora 20 0 0 

Scottish Zoological Station ... 50 0 0 

Naples Zoological Station ... 75 0 0 

Natural Historj^ of Socotia ... 50 0 0 

Anthropological Notes and i 

Queries 9 0 0 j 

Zoological Record 100 0 0 | 

Weights and Heights of 

Human Reings 30 0 0 i 


3 1 I 

I 

I 

1882. I 

Exploration of Central Africa 100 0 0 : 

Fundamental Invaiiants of i 

Algebraical Forms 70 1 11 I 

Standards for Electrical 

Measurements 100 0 0 

Calibration of IMcrcurial Ther- 
mometers 20 0 0 

Wave-length Tables of Sjiec- 

tra of Elements .50 0 0 

Photographing Ultra-violet 

Spark Spectra 25 0 0 

Geological Record 100 0 0 

Earthquake Phenomena of 

Japan 25 0 0 

Conversion of Sedimentary 

Materials into Metamorphic ! 

Rocks 10 0 0 ! 

Fossil Plants of Halifax 15 0 0 

Geological Map of Europe ... 25 0 0 

Circulation ot Underground 

Waters 1.5 0 0 

Tertiary Flora of North of 

Ireland 20 0 0 

British Polyzoa 10 0 0 

Exploration of Caves of South 

of Ireland 10 0 0 

Exploration of RaygillFissiu’e 20 0 0 
Naples Zoological Station ... 80 0 0 

Albuminoid Substances of 

Scrum 10 0 0 

Elimination of Nitrogen by 

Bodily Exercise 50 0 0 

Migration of Birds 15 0 0 

Natural History of Socotra... 100 0 0 
Natural History of Timor-laut 100 0 0 
Record of Zoological litera- 
ture 100 0 0 

Anthropometric Committee... 50 0 0 j 

ime 1 11 I 


1883. 

£ s. d. 

Meteorological Observations 

on Ben Nevis 50 0 0 

Isomeric Naphthalene Deri- 
vatives 15 0 0 

Earthquake Phenomena of 

Japan 50 0 0 

Fossil Plants of Halifax 20 0 0 

British Fossil Polyzoa 10 0 0 

Fossil Phyllopoda of Paleo- 
zoic Rocks 25 0 (I 

Erosion of Sea-coast of Eng- 
land and Wales 10 0 0 

Circulation of Underground 

Waters 15 0 0 

Geological Record 50 0 0 

Exploration of Caves in South 

of Ireland 10 0 0 

Zoological Literature Record 1(K) 0 O 

Migration of Birds 20 0 0 

Zoological Station at Naples SO 0 O 
Scottisli Zoological Station... 25 0 0 

Elimination of Nitrogen by 

Bodily Exercise 38 3 3 

Exploration of Mount Ivili- 

ma-njaro 500 0 o 

Investigation oC Loughton 

Camp 10 0 0 

Natural History of Tiinoi -hint 50 0 0 

Screw Gauges 5 0 0 




1884. 

Meteorological Observations 

on Ben Nevis 50 t) 0 

Collecting and InvesUgatiiig 

Meteoric Dust 20 0 0 

Meteorological Observatory at 

Chepstow 25 t) 0 

Tidal Obscr'vat.ions 10 0 O 

Ultra Violet Spark vSpectra ... 8 4 0 

Earthejuake Phenomena of 

Japan 75 0 0 

Fossil Plants of Halifax 15 0 0 

Fossil Polyzoa 10 t) ti 

Erratic Blocks of England ... 10 0 

Fossil Phyllojioda of PaLeo- 

zoic Rocks 15 0 0 

Circulation of Underground 

Waters 5 0 o 

International Geological Maj) 20 0 0 

Bibliography of Groups of 

invertebrata 50 0 0 

Natural History of Tinior-laut 50 0 0 

Naples Zoological Station -. 80 0 0 

Exploration of Mount Kili- 

ma-njaro, East Africa 500 0 0 

Migration of Birds 20 0 0 

Coagulation of Blood 100 0 0 

Zoological Literature Record 100 0 0 
Anthropometric Committee... 10 0 0 


ill73 4 0 
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1885. 

£ s. d. 

Synoptic Clmrt of Indian 

Ocean 50 0 0 

ileduction of Tidal Observa- 
tions 10 0 0 

Calculating Tables in Theory 

of Numbers 100 0 0 

!MctGorolo"ical Observations 

on Ben Nevis 50 0 0 | 

Meteoric Dust 70 0 0 

Vapour Pressures, &c., of Salt 

Solutions 25 0 0 

Physical Constants of Solu- 
tions 20 0 0 

Volcanic Phenomena of Vesu- 
vius 25 0 0 

Raypfill Fissure 15 0 0 

Earthquake Phenomena of 

Japan 70 0 0 

Fossil Pliyllopoda of Pal.i’ozoic 

Rocks 25 0 0 

Fossil Plants of Biitish Ter- 
tiary and Secondary Beds . 50 0 0 

Geological Record 50 0 0 

Circulation of Underground 

Waters 10 0 0 

Naples Zoological St at ion ... 100 0 0 

Zoological Literature Record. 100 0 0 

Migi'ation of Biids 50 0 0 

Ex])loration of Mount Kilima- 
njaro 25 0 0 

Recent Polyzoa 10 0 0 

Granion Biological Station ... 100 0 0 

Biological Stations oil Coasts 

of United Kingdom 150 0 0 

Exploration of >fcw Guiiu'a... 200 0 O I 

Exploration of Mount Rorairaa 100 0 0 | 

£1585 0 0 


188G. 

Electrical Standards -10 0 0 

Solar Radiation ... . ... 0 10 0 

J'idal Observations 50 0 0 

Magnetic Observations ]0 10 0 

Observations on Ben Nev IS ... 100 0 0 

Physical and Chemical Beai- 

ings of Electrolysis 20 0 0 

Chemical Nomenclature 5 0 0 

Fossil Plants of British Tei- 

tiary and Secondary Beds... 20 0 0 

Caves in North Wales 25 0 0 

Volcanic Phenomena of Vesu- 
vius 50 0 0 

Geological Record 100 0 0 

Palfcozoic Phyllopoda 15 0 0 

Zoological Literature Record . 100 0 0 
Granton Biological Station ... 75 0 0 

Naples Zoological Station. . .. 50 0 0 


Researches in F'ood-Fi.shesand 

InvertebrataatSt. Andicws 75 0 0 


£ g. d. 

Migration of Birds 50 0 0 

Secretion of Urine 10 0 0 

Exploration of New Guinea... 150 0 0 

Regulation of Wages under 

Sliding Scales 10 0 0 

Prehistoric Race in Gieek 

Islands 20 0 0 

North-Western Tribes of Ca- 
nada 50 0 0 


£1)95 0 6 


1887. 

Solar Radiation 18 10 0 

I Electrolysis 50 0 0 

Ben Nevis Observatory 75 0 0 

I Standards of Light (1886 

I grant) 20 0 0 

Standards of Light (1887 

grant) 10 0 0 

Harmonic Analysis oi Tidal 

I Observations 15 0 0 

j Magnetic Observations 26 2 0 

Electrical Standards 50 0 0 

I Si lent Discharge of Electricity 20 0 0 

AbMU'ptioii Spectra 40 0 0 

Nature of Solution 20 0 0 

j Influence of Silicon on Steel 30 0 0 
I Volcanic Phenomena of Vesu- 
vius 20 0 0 

I Volcanic Phenomena ot Japan 

(1886 grant) 50 0 0 

Volcanic Phenomena of Japan 

(1887 grant) 50 0 0 

Cne Gwyn Cave, N Wales . . 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 20 0 0 

Coal Plants of Halifax 25 0 0 

Microscopic Structuie of the 

Rocks of Anglesey 10 0 0 

Exploration of the Eocene 

Bedsof the Lsleof Wight... 20 0 0 

Underground Waters 5 0 0 

‘ Manure ’ Gravels of Wexford 10 0 0 
I Piovincial Museums Reports 5 0 0 

I Lj niphalic System 25 0 0 

i Naples Biolo<>:ical Station ... 100 0 0 

Plymouth Biolouical Station 50 0 0 

Giaiiton Biological Station ... 75 0 0 

Zoological Record 100 0 0 

Flora of China 75 0 0 

1 Flora and Fauna of the 

Camorooiis 75 0 0 

Migration of Birds 50 0 0 

Bathy-liv})sographical Map of 

I British Isles 7 6 0 

; Regulation of Wages 10 0 0 

‘ Brehistoric Race of Greek 

I Islands 20 0 0 

I Racial Pliotograpbs, Egyptian 20 0 0 

i £1186 18 ) 
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1888. 

£ s. d. 

Ben Nevis Observ'aioiy loO 0 0 

Electrical Standards 2 0 4 

Magnetic Observations 15 0 0 

Standards of Light 71) 2 3 

Electrolysis 30 0 0 

Uniform Nomenclatuie in 

Mechanics 10 0 0 

Silent Discharge of Elec- 
tricity 9 11 10 

Properties of Solutions 2.5 0 0 

Intiuencc of Silicon on Steel 20 0 0 
Methods of Teaching Cliemis- 

try 10 0 0 

Isomeric Naphthalene Deriva- 
tives 25 0 0 

Action of Light on Hydracids 20 0 0 
Sea Beach near Bridlington... 20 0 0 

Geological Record .50 0 0 

Manure Gravels of Wexford... 10 0 0 

Erosion of Sea Coasts 10 0 0 

Underground Waters 5 0 0 

Falaiontographical Societv ... 50 0 0 

Pliocene Fauna of St. Ertli... 50 0 0 
Carbonifeious Flora of Lnn- 

cashire and West Yorkshire 25 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Zoology and Botany of West 

Indies 100 0 0 

Flora of Bahamas 100 0 0 

Development of Fishes — St. 

Andrews 50 0 0 

Marine Laboratory, Plymouth 100 0 0 

Migration of Birds 30 0 0 

Flora of China 75 0 0 

Naples Zoological Station ... 100 0 0 

Lymphatic System 25 0 0 

Biological Station at Gran ton 50 O 0 
Peradeniya Botanical Station 50 0 0 

Development of Teleostei ... 15 0 0 

Depth of Frozen Soil in Polar 

Regions 5 0 0 

Precious Metals in Circulation 20 0 0 

Value of Monetary Standard 10 0 0 
Effect of Occupations on Phy- 
sical Development 25 0 0 

North-Western Tribes of 

Canada 100 0 0 

Prehistoric Race in Greek 

Island^ 20 0 0 


£1511 0 5 


1889. 

Ben Nevis Observatory 50 0 0 

Electrical Standards 75 0 0 

Electrolysis 20 0 0 

Surface Water Temperature... 30 0 0 

Silent Discharge of Electricity 
on Oxygen 6 4 8 


£ s. (L 

Methods of teaching Chemis- 
try 10 0 0 

Action of Light on Hydracids 10 0 0 

Geological Record 80 0 0 

Volcanic Phenomena of Japan 25 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palmozoic Phyllopoda 20 0 0 

Higher Eocene Beds of Isle of 

Wight 15 0 0 

West Indian Explorations ... 100 0 0 

Flora of China 25 0 0 

Naples Zoological Station ... 100 0 0 
Physiology of Lymphatic 

System 25 0 0 

Experiments with a Tow-net 5 16 3 

Natural History of Friendly 

Islands ’ 100 0 0 

Geology and Geography of 

Atlas Range 100 0 0 

Action of Waves and Currents 

in Estuaries 100 0 0 

North-Western Tiibes of 

Canada 150 0 0 

Nomad Tiibes of Asia Minor 30 0 0 

Corre.sponding Societies 20 0 0 

Marine Biological Association 200 0 0 
‘ Baths Committee,’ Bath 100 0 0 


£1417 0 11 


1890. 

Electrical Standards 12 17 0 

Electrolysis 5 0 0 

Electro-optics .50 0 0 

Mathematical Tables 25 0 0 

Volcanic and Seismological 

Phenomena of Japan 75 0 0 

Pellian Equation Tables 15 0 0 

Properties of Solutions 10 0 0 

International Standard for the 

Analysis of Iron and Steel 10 0 0 

Influence of the Silent Dis- 
charge of Electricity on 

Oxygen 5 0 O 

Methods of teachingChemistry 10 0 0 

Recording Results of Water 

Analysis 4 1 0 

Oxidation of Hydracids in 

Sunlight 15 0 0 

Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palaeozoic Phyllopoda 10 0 0 

Circulation of Underground 

Waters 5 0 0 

Excavations at Oldbury Hill 15 0 0 

Cretaceous Polyzoa 10 0 (> 

Geological Photographs 7 14 11 

Lias Beds of Northampton ... 25 0 0 

Botanical Station at Perade- 
niya 25 0 O' 



GENERAL STATEMENT. 


£> s. d» 

Experiments with a Tow- 

net 4 3 9 

Naples Zoological Station ... 100 0 0 
Zoology and Botany of the 

West India Islands 100 0 0 

Marine Biological Association 30 0 0 

Action of Waves and Currents 

in Estuaries 150 0 0 

Graphic Methods in Mechani- 
cal Science 11 0 0 

Anthropometric Calculations 5 0 0 

Nomad Tribes of Asia Minor 25 0 0 
Corresponding Societies 20 0 0 


£799 IG 8 


1891. 

Ben Nevis Observatory 50 0 0 

Electrical Standards 100 0 0 

Electrolysis 5 0 0 

Seisraological Phenomena of 

Japan 10 0 0 

Temperatures of Lakes 20 0 0 

Photographs of Meteorological 

Phenomena 5 0 0 

Discharge of Electricity from 

Points 10 0 0 

Ultra Violet Rays of Solar 

Spectrum 50 0 0 

International Standard for 

Analysis of Iron and Steel... 10 0 0 

Isomeric Naphthalene Deriva- 
tives 25 0 0 

Formation of Haloids 25 0 0 

Action of Light on Dyes 17 10 0 

Geological Record 100 0 0 

Volcanic Phenomena of Vesu- 
vius 10 0 0 

Fossil Phyllopoda 10 0 0 

Pliotographs of Geological 

Interest 9 5 0 

Lias of Northamptonshire ... 25 0 0 

Registration of Type-Speci- 
mens of British Fossils 5 5 0 

Investigation of Elbolton Cave 25 0 0 
Botanical Station at Pera- 

deniya 50 0 0 

Experiments with a Tow-net 40 O O 
Marino Biological Association 12 10 0 

Disappearance of Native 

Plants 5 0 0 

Action of Waves and Currents 

in Estuaries 125 0 0 

Anthropometric Calculations 10 0 0 
New Edition of ‘ Anthropo- 
logical Notes and Queries ’ 50 0 0 
North - Western Tribes of 

Canada 200 0 0 

Corresponding Societies 25 0 0 


£1,029 10 6 


cxiii 


1892. 

£ S. d. 

Observations on Ben Nevis ... 50 0 0 

Photographs of Meteorological 

Phenomena 15 0 0 

Pellian Equation Tables 10 0 0 

Discharge of Electricity from 

Points 50 0 0 

Seismological Phenomena of 

Japan 10 0 0 

Formation of Haloids 12 0 0 

Properties of Solutions 10 0 0 

Action of Light on Dyed 

Colours 10 0 0 

Erratic Blocks 15 0 0 

Photographs of Geological 

Interest 20 0 0 

Underground Waters 10 0 0 

Investigation of Elbolton 

Cave 25 0 0 

Excavations at Oldbury Hill 10 0 0 

Cretaceous Polyzoa 10 0 0 

Naples Zoological Station ... 100 0 0 

Mai me Biological Association 17 10 0 

Deep-sea Tow-net 40 0 0 

Fauna of Sandwich Islands... 100 0 0 

Zoology and Botany of West 

India Islands 100 0 0 

Chtnal ology and Hydrography 

of Tropical Africa 50 0 0 

Anthropometric Laboratory... 5 0 0 
Anthropological Notes and 

Queries 20 0 0 

Prehistoric Remains in Ma- 

shonaland 50 0 0 

North-Western Tribes of 

Canada 100 0 0 

Corresponding Societies 25 0 0 


£864 10 0 


1893. 

Elect lical Standards 25 0 0 

Observations on Ben Nevis ... 150 0 0 

Mathematical Tables 15 0 0 

Intensity of Solar Radiation 2 8 6 

Magnetic Work at the Fal- 
mouth Observatory 25 0 0 

Isomeiic Naphthalene Deri- 
vatives 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 5 0 0 

Underground Waters 5 0 0 

Shell-bearing Deposits at 

Clava, Chapelhall, Ac 20 0 0 

Euryptciids of the Pentland 

Hills 10 0 0 

Na[)les Zoological Station ... 100 0 0 

Marine Biological Association 30 0 0 
Fauna of Sandwich Islands 100 0 0 

Zoology and Botany of West 

India Islands 50 0 0 

g 


1897. 



Cxiv REPORT- 

£ tt. d. 

Exploration of Irish Sea 30 0 0 

Physiological Action of 

Oxygen in Asphyxia 20 0 0 

Index of Genera and Species 

of Animals 20 0 0 

Exploration of Karakoram 

Mountains 60 0 0 

Scottish Place-names 7 0 0 

Climatology and Hydro- 
graphy of Tropical Africa 50 0 0 

Economic Training 3 7 0 

Anthropometric Laboratory 6 0 0 

Exploration in Abyssinia 25 0 0 

North-Western Tribes of 

Canada 100 0 0 

Corresponding Societies 30 0 0 


£907 15 6 


1894. 

Electrical Standards 25 0 0 

Photographs of Meteorological 

Phenomena 10 0 0 

Tables of Mathematical Func- 
tions 15 0 0 

Intensity of Solar Radiation 5 5 0 

Wave-length Tables 10 0 0 

Action of Light upon Dyed 

Colours 6 0 0 

Erratic Blocks 15 0 0 

Fossil Phyllopoda 6 0 0 

Shell -bearing Deposits at 

Clava, &c 20 0 0 

Eiiryptcrids of the Pentland 

Hills 6 0 0 

New Sections of Stoncstield 

Slate 14 0 0 

Observations on Earth- tre- 
mors 60 0 0 

Exploration of Calf - Hole 

Cave 5 0 0 

Naples Zoological Station ... 100 0 0 

Marine Biological Association 5 0 0 

Zoology of the Sandwich 

Islands 100 0 0 

Zoology of the Irish Sea 40 0 0 

Structure and Function of the 

Mammalian Heart 10 0 0 

Exploration in Abyssinia ... 30 0 O 

Economic Training 9 10 0 

Anthropometric Laboratory 

Statistics 5 0 0 

Ethnographical Survey 10 0 0 

The Lake Village at Glaston- 
bury 40 0 0 

Anthropometrical Measure- 
ments in Schools 6 0 0 

Mental and Physical Condi- 
tion of Children 20 0 0 

Corresponding Societies 25 0 0 


£583 15 6 


1897. 


1895. 

£ 8. d. 

Electrical Standards 25 0 0 

Photographs of Meteorological 

Phenomena 10 0 0> 

Earth Tremors 76 0 0 

Abstracts of Physical Papers 100 0 0* 

Reduction of Magnetic Obser- 
vations made at Falmouth 

Observatory 60 0 O' 

Comparison of Magnetic Stan- 
dards 26 0 O' 

Meteorological Observations 

on Ben Nevis 50 0 O 

Wave-length Tables of the 

Spectra of the Elements ... 10 0 0 

Action of Light upon Dyed 

Colours 4 6 1 

Formation of Haloids from 

Pure Materials 20 0 0 

Isomeric Naphthalene Deri- 
vatives 30 0 (> 

Electrolytic Quantitative An- 
alysis 30 0 0 

Erratic Blocks 10 0 0 

Pahcozoic Phyllopoda 5 0 O' 

Pliotographs of Geological In- 
terest 10 0 0 

Shell-bearing Deposits at 

Clava, &(; 10 0 O 

Eurypterids of the Pentland 

Hills 3 0 0 

New Sections of Stoiicsfield 

Slate no 0 0 

Exploration of C^alf Hole Cave 10 0 (> 

Natuic and Probable Age of 

High-level Flint-drifts 10 0 0* 

Table at t he Zoological Stat i on 

at Naples 100 0 O 

Table at the Biological Labo- 
ratory, Plymouth 15 0 0 

Zoology, Botany, and Geology 

of the Irish Sea 35 9 4? 

Zoology and Botany of the 

West India Islands 50 0 0* 

Index of G('nera and Species 

of Animals 60 0 0 

Climatologyof Tropical Africa 5 0 0' 

Exploration of Hadramut ... 60 0 0 

Calibration and Com])arison of 

Measuring Instruments ... 25 0 O' 

Anthropometi ic Measure- 
ments in Scliools 6 0 O’ 

Lake Village at Glastonbury 30 0 0 

Exploration of a Kitchen- 

midden at Hastings 10 0 0 

Ethnographical Survey 10 0 O' 

Physiological Applications of 

the Phonograph 25 0 0 

Corresponding Societies 30 0 O 


£977 15 5. 
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189G. 

£ s. d. 

Pliotographs of Meteorologi- 
cal Phenomena 15 0 0 

Seismological Observations... 80 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of Certain Inte- 
grals 10 0 0 

Uniformity of Size of Pages of 

Ti’ansactions, &c 5 0 0 

Wave-length Tables of the 

Spectra of the Elements ... 10 0 0 
Action of Light upon Dyed 

Colours 2 0 1 

Electrolytic Quantitative Ana- 
lysis 10 0 0 

Tlie Carbohydrates of Barley 

Straw 50 0 0 

Reprinting Discussion on the 
Relation of Agriculture to 

Science 5 0 0 

Erratic Blocks 10 0 0 

Palaeozoic Phyllopoda 5 0 0 

Shell-bearing Deposits at 

Clava, &c 10 0 0 

Eurypterids of the Pentland 

Hills 2 0 0 

Investigation of a Coral Reef 

by Boring and Sounding ... 10 0 0 

Examination of Locality whei e 
the Cetiosaiirus in the Ox- 
ford Museum was found ... 25 0 0 


I’alajolithic Deposits at Iloxne 25 0 0 
Eauiia of Singapore Caves ... 40 0 0 
Age and Relation of Rocks 
near Morescat, Aberdeen . 10 0 0 
Table at the Zoological Sta- 


tion at Naples 100 0 0 

Table at the Biological Labo- 
ratory, Plymouth 15 0 0 

Zoology, Botany, and Geology 

of the Irish Sea 50 0 0 

Zoology of the Sandwich Is- 
lands 100 0 0 

A frienn Lake Fauna 100 0 0 

Oysters under Normal and 
Abnormal Environment ... 40 0 0 

Climatology of Tropical Africa 10 0 0 

Calibration and Comparison of 

Measuring Instruments 20 0 0 

Small Screw Gauge 10 0 0 

North-Western Tribes of 

Canada 100 0 0 

Lake Village at Glastonbury . 30 0 0 

Ethnographical Survey 40 0 0 

Mental and Physical Condi- 
tion of Children 10 0 0 


£ s. d. 

Physiological Applications of 

the Phonograph 25 0 0 

Corresponding Societies Com- 
mittee 30 0 0 

£\j04rj^ 1 


1897. 

Mathematical Tables 25 0 0 

Seismological Observations... 100 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of Certain In- 
tegrals 10 0 0 

Electrolysis and Electro- 
chemistry 50 0 0 

Electrolytic Quantitative An- 
alysis 10 0 0 

Isomeric Naphthalene Deri- 
vatives 50 0 0 

Erratic Blocks 10 0 0 

Photographs of Geological 

Interest 15 0 0 

Remains of the Irish Elk in 

the Isle of Man 15 0 O' 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 9 10 8 

Zoological Bibliography and 

Publication 5 0 0 

Index Generum et Specierum 

Animalium 100 0 0 

Zoology and Botany of the 

West India Islands 40 0 0 

The Details of Observa- 
tions on the Migration of 

Birds 40 0 0 

Climatology of Tropical 

Africa 20 0 0 

Ethnographical Survey 40 0 0 

Mental and Physical Condi- 
tion of Children 10 0 0 

Silchester Excavation 20 0 0 

Investigation of Changes as- 
sociated with the Func- 
tional Activity of Nerve 
Cells and their Peripheral 

Extensions 180 0 0 

Oysters and Typhoid 30 0 0 

Physiological Applications of 

the Phonograph 15 0 0 

Physiological Effects of Pep- 
tone and its Precursors 20 0 0- 

Fertilisation in Ph®ophycea3 20 0 0- 

Corresponding Societies Com- 
mittee 25 0 (> 


£1,059 10 8 
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REPORT — 1897 ' 

General Meetings. 

On Wednesday, August 18, at 8 p.m., in the Massey Hall, Toronto, 
Lord Lister, M.D., D.C.L., LL.D., Pres.R.S., resigned the office of 
President to Sir John Evans, K.C.R, D.C.L., LL.D., Treasurer of the 
Royal Society, who took the Chair, and delivered an Address, for which 
see page 3. 

On Thursday, August 19, at 8.30 p.m., a Soiree took place in the 
Legislative Buildings. 

On Friday, August 20, at 8.30 p.m., in the Massey Hall, Professor 
Roberts- Austen, C.B., F.R.S., delivered a discourse on ‘ Canada^s Metals.’ 

On Monday, August 23, at 8.30 p.m., in the Massey Hall, Professor 
John Milne, F.R.S , delivered a discourse on ‘ Earthquakes and Volcanoes.’ 

On Tuesday, August 24, at 8.30 p.m., a Soiree took place in the 
University Buildings. 

On Wednesday, August 25, at 2.30 p.m., in the Gymnasium, the 
concluding General Meeting took place, when the Proceedings of the 
General Committee and the Grants of Money for Scientific Purposes 
were explained to the Members. 

The Meeting was then adjourned to Bristol. [The Meeting is ap- 
pointed to commence on Wednesday, September 7, 1898.] 


Erratum. 

Report 1896, page 867, line 4, /or Professor Conner, roofZ Mr, L. L. Price. 



PBESIDENT’S ADDEESS. 


1897. 


B 




ADDRESS 


BT 

SIR JOHN EVANS, K.C.B. 

D.C.L., LL.D., Sc.l)., Tjieas.RS., V.P.S.A., Foit.SEc.G.S. 

CORREtiPONDANT DE l’InSTITUT DE FrANCE, 6cC. 

PRESIDENT. 


Once more has the Doiiuiiion of Canada invited the British Association 
for the Advancement of Science to hold one of the annual meetin^^s of its 
members within the Canadian territory ; and for a second time has the 
Association had the lionour and pleasure of accepting the proffered 
hospitality. 

In doing so, the Association has felt that if by any possibility the 
scientitic welfare of a locality is promoted by its being the scene of such a 
meeting, the claims should be fully recognised of those \v^ho, though not 
dwelling in the British Isles, arc still inhabitants of that Greater Britain 
whose prosperity is so intimately connected with the fortunes of the 
Mother Country. 

Here, especially, as loyal subjects of one beloved Sovereign, the sixtieth 
year of whose beneficent reign has just been celebrated with equal rejoic- 
ing in all parts of her Empire ; as speaking the same tongue, and as in 
most instances connected by the ties of one common parentage, we are 
bound together in all that can j)romote our common interests. 

There is, in all probability, nothing that will tend more to advance 
those interests than the diffusion of science in all paHs of the British 
Empire, and it is towards this end that the aspirations of the British 
Association are ever directed, even if in many instances the aim may not 
be attained. 

We are, as already mentioned, indebted to Canada for previous hos- 
pitality, hut we inust also remember that, since the time when wo last 
assembled on this side of the Atlantic, the Dominion has provided the 
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Association with a President, Sir William Dawson, whose name is alike 
well known in Britain and America, and whose reputation is indeed 
world- wide. We rejoice that we have still among us the pioneer of 
American geology, who among other discoveries first made us acquainted 
with the ‘Air-breathers of the Coal,’ the terrestrial or more pro])erly 
arboreal Saurians of the New Brunswick and Nova Scotia Coal-measures. 

On our last visit to Canada, in 1881, our place of assembly was Mont- 
real, a city which is justly proud of her McGill University ; to-day we 
meet within the buildings of another of the Universities of this vast 
Dominion — and in a city, the absolute fitness of which for such a purpose 
must have been foreseen l^y the native Indian tribes when they gave to a 
small aggregation of huts upon this spot the name of Toronto the place 
of meetings.’ 

Our gathering this year presents a feature of entire novelty and ex- 
treme interest, inasmuch as the sister Association of the United States of 
America, — still mourning the loss of her illustrious President, Professor 
Cope, — and some other learned societies, have made special arrangemmits 
to allow of their members coming here to join us. I need hardly say how 
welcome their presence is, nor how gladly we look forward to tlieir taking 
part in our discussions, and aiding us by interchange of thought. To 
such a meeting the term ‘ international ’ seems almost misapplied. It may 
rather be described as a family gathering, in which our relatives more or 
less distant in blood, but still intimately connected with us by language, 
literature, and habits of thought, have spontaneously arranged to take 
part. 

The domain of science is no doubt one in which the various nations of 
the civilised world meet upon equal terms, and for which no other pass- 
port is required than some evidence of having striven towards tlie advance- 
ment of natural knowledge. Here, on the fi'oiitier between the two great 
English-speaking nations of the world, who is there that does not inwardly 
feel that anything which conduces to an intimacy between the representa- 
tives of two countrie.s, both of them actively engaged in the pursuit of 
science, may also, through such an intimacy, react on the afiairs of daily 
life, and aid in preserving those cordial relations that have now for so 
many years existt'd between the great American Republic and the British 
Islands, with which her early foundations are indissolubly connected ? 
The present year has witnessed an interchange of courtesies which has 
excited the warmest feelings of approbation on both sides of the Atlantic. 
I mean the return to its proper custodians of one of the most interesting 
of the relics of the Pilgrim Fathers, the Log of the ‘ Mayflower.’ IVIay this 
return, trifling in itself, be of happy augury as testifying to the feelings of 
mutual regard and esteem which animate the hearts both of the donors 
and of the recipients ! 

At our meeting in Montreal the President was an investigator who 
had already attained to a foremost place in the domains of Physics and 
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Mathematics, Lord ILiyleigh. In his address he dealt mainly with topics, 
such as Light, Heat, Sound, and Electricity, on which he is one of our 
principal authorities. His name and that of his fellow-worker, Professor 
Pamsay, are now and will in all future ages be associated with the dis- 
covery of the new element, Argon. Of the ingenious methods by which 
that discovery was made, and the existence of Argon established, this is 
not the place to speak. One can only hoj)e that the element will not 
always continue to justify its name by its inertness. 

Th(5 claims of such a leader in physical .science as Lord Rayleigh to 
occupy the Presidential chair are self-evident, but possibly those of his 
successor on this side of the Atlantic are not so immediately apparent. 

T cannot for a moment pretend to place myself on the same purely scien- 
tific level as my distinguished friend ami f<jr maiiy y(;ars colhingue, Lord 
Rayleigh, and my claims, such as th“y are, seem to me to rest on entirely 
different grounds. 

Whatever little I may have indirc(dly been able to <lo in assisting to 
promote the advancement of science, my principal efforts have now for 
many years b(‘en directed towards attempting to forge those links in the 
lii.story of the world, and esp ecially of liumanity, that connect the past 
with the pres('nt, and towards tracing that course of evolution which plays 
as important a part in the physical and moral development of man as it 
does in that cf the animal and vegetable creation. 

It appears to me, therefore, that my election to this i ^nportant post 
may, in the main, be regarded as a recognition by this Association of the 
value of Archccology as a science. 

Leaving all personal considerations out of question, I gladly h.'iil this 
recognition, which is, indeed, in full accordance with the attitude already 
for many years adopted by the Association towards Anthropology, one of 
the most important branches of true Archscology. 

It is no doubt hard to define the exact limits which are to be assigned 
to Arclueology as a science, and Arclueology as a branch of History and 
Relies Lettres. .V distinction is frequently drawn between science on 
the one liaiid, .ind knowledge or learning on the otlior ; but translate the 
terms into Latin, and the distinction at once disappears. In illustration 
of this I need only cite Bacon s great work on the ‘ Advancement of 
Learning,^ whicli was, witli his own aid, translated into Latin under the 
title ‘ 7)e Auymentls Sciciitiarion.^ 

It must, however, be acknowledged that a distinction docs exist be- 
tween Arclueology proper, and what, for want of a better word, may be 
termed Antiquarianism. It may be interesting to know the internal 
arrangements of a Hominicaii convent in the middle ages ; to distinguish 
between the different mouldings charactcudstic of the principal styles of 
Gothic architecture ; to determine whether an English coin bearing the 
name of Henry was struck under Henry II., Richard, John, or Henry 
III., or to decide whether some given edifice was erected in Roman, 



6 


REPORT — 1897. 


Saxon, or Norman times. But the power to do this, though involving no 
small degree of detailed knowledge and some acquaintance with scientific 
methods, can hardly entitle its possessors to be enrolled among the votaries 
of science. 

A familiarity with all the details of Greek and Roman mythology and 
culture must be regarded as a literary rather than a scientific qualifica- 
tion ; and yet when among the records of classical times we come upon 
traces of manners and customs which have survived for generations, and 
which seem to throw some rays of light upon the dim past, when history 
and writing were unknown, we are, I think, approaching the boundaries 
of scientific Archaeology. 

Every reader of Virgil knows that the Greeks were not merely orators, 
but that with a pair of compasses they could describe the movements of 
the heavens and fix the rising of the stars ; but when by modern Astro- 
nomy we can determine the heliacal rising of some well-known star, with 
which the worsliip in some given ancient temple is known to have been 
connected, and can fix its position on the horizon at some pai ticular spot, 
say, three thousand years ago, and then find that the axis of the temple is 
directed exactly towards that spot, we have some trustworthy scientific 
evidence that the temple in question must have been erected at a date 
approximately 1100 years n.c. If on or close to the same site we find that 
more than one temple was erected, each having a different orientation, 
these variations, following as they may fairly be jn’esumed to do the 
changing position of the rising of the dominant star, will also aflbrd a 
guide as to the chronological order of the different foundations. The 
researches of Mr. Penrose seem to show that in certain Greek tcnnples, of 
which the date of foundation is known from history, the actual orientation 
corresponds with that theoretically deduced from astronomical data. 

Sir J. Norman Lockyer has shown that what holds good for Greek 
temples applies to many of far earlier date in Egypt, though up to the 
present time hardly a suffi<fient number of accurate observations have been 
made to justify us in foreseeing all the instructive results that may be 
expected to arise from Astronomy coming to the aid of Archaeology. 

The intimate connection of Archaeology with other sciences is in no 
case so evident as with respect to Geology, for when considering subjects 
such as those I shall presently discuss, it is almost impossible to say 
where the one science ends and the other begins. 

By the application of geological methods many archaBological questions 
relating even to subjects on the borders of the historical period have been 
satisfactorily solved. A careful examination of the limits of the area over 
which its smaller coins are found has led to the position of many an 
ancient Greek city being accurately ascertained ; while in England it has 
only been by treating the coins of the Ancient Britons, belonging to a 
period before the Roman occupation, as if they were actual fossils, that 
the territories under the dominion of the various kings and princes who 
struck them have been approximately determined. In arranging the 
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chronological sequence of these coins, the evolution of their types — a pro- 
cess almost as remarkable, and certainly as well-defined, as any to be 
found in nature — has served as an efficient guide. I may venture to add 
that the results obtained from the study of the morphology of this series 
of coins were published ten years before the appearance of Darwin’s great 
work on the ‘Origin of Species.’ 

When we come to the consideration of the relics of the Early Iron 
and Bronze Ages, the aid of Chemistry has of necessity to be invoked. 
By its means we are able to determine whether the iron of a tool or 
weapon is of meteoritic or volcanic origin, or has been reduced from iron- 
ore, in which case considerable knowledge of metallurgy would be involved 
on the part of those who made it. AVith bronze antiquities the nature 
and extent of the alloys combined with the copper may throw light not 
only on their chronological position, but on the sources whence the copper, 
tin, and other metals of which they consist were originally derived. I am 
not aware of there being sufficient differences in the analyses of the native 
copper from different localities in the region in which we are assembled, 
for Canadian Arclueologists to fix the sources from which the metal was 
obtained which was used in the manufacture of the ancient tools and 
weapons of copper that are occasionally discovered in this part of the 
globe. 

Like Chemistry, Mineralogy and Petrology may be called to the 
assistance of Archieology in determining the nature and source of the 
rocks of which ancient stone implements are made ; and, thanks to 
researches of the followers of those sciences, the old view that all such 
implements formed of jade and found in Europe must of necessity have 
been fashioned from material imported from Asia can no longer be main- 
tained. In one respect the Archajologist differs in opinion from the 
Mineralogist —namely, as to the propriety of chipping off fragments from 
perfect and highly finished specimens for the purpose of submitting them 
to microscopic examination. 

I have hitherto been speaking of the aid that other sciences can afford 
to Archaeology when dealing with questions that come almost, if not quite, 
within tlie fringe of history, and belong to times when the surface of our 
earth presented much the same configuration as regards the distribution of 
land and water, and hill and valley, as it does at present, and when, in all 
probability, the climate was much the same as it now is. AA^hen, how- 
ever, we come to discuss that remote age in which we find the earliest 
traces that are at present known of Man’s appearance upon earth, the aid 
of Geology and Paheontology becomes absolutely imperative. 

The changes in the surface configuration and in the extent of the 
land, especially in a country like Britain, as well as the modifications of 
the fauna and flora since those days, have been such that the Archaiologist 
pure and simple is incompetent to deal with them, and he must either 
himself undertake the study of these other sciences or call experts in them 
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to his assistance. The evidence that Man had already appeared upon the 
^arth is afforded by stone implements wrought by his hands, and it falls 
strictly within the province of the Archaeologist to judge whether given 
specimens were so wrought or not ; it rests with the Geologist to deter- 
mine their stratigraphical or chronological position, while the Palaeonto- 
logist can pronounce upon the age and character of the associated fauna 
and flora. 

If left to himself the Archseologist seems too prone to buildup theories 
founded upon form alone, irrespective of geological conditions. The Geo- 
logist, unaccustomed to archfeological details, may readily fail to see the 
difference between the results of the operations of Nature and those of 
Art, and may be liable to trace the effects of man^s handiwork in the 
chipping, bruising, and wearing which in all ages result from natural 
forces ; but the united labours of the two, checked by those of the Palae- 
ontologist, cannot do otherwise than lead towards sound conclusions. 

It will perhaps be expected of me that I should on the present occa- 
sion bring under review the state of our present knowledge with regard 
to the Antiquity of Man ; and probably no fitter place could be found 
for the discussion of such a topic than the adopted home of my venerated 
friend, the late Sir Daniel Wilson, who first introduced the word ‘pre- 
historic ’ into the English language. 

Some among us may be able to call to mind the excitement, not only 
among men of science but among the general public, when, in 1859, the 
discoveries of M. Boucher de Perthes and Dr. Rigollot in the gravels of 
the valley of the Somme, at Abbeville and Amiens, were confirmed by 
the investigations of the late Sir Joseph Prestwich, myself, and others, 
and the co-existence of Man with the extinct animals of the Quaternary 
fauna, such as the mammoth and woolly-haired rhinoceros, was first 
virtually established. It was at the same time pointed out that these 
relics belonged to a far earlier date than the ordinary stone weapoiis 
found upon the surface, which usually showed signs of grinding or polish- 
ing, and that in fact there were two Stone Ages in Britain. To these 
the terms Neolithic and Paleeolithic were subsequently applied by Sir 
John Lubbock. 

The excitement was not less, when, at the meeting of this Association 
at Aberdeen in the autumn of that year, Sir Charles Lyell, in the presence 
of the Prince Consort, called attention to the discoveries in the valley of 
the Somme, the site of which he had himself visited, and to the vast lapse 
of time indicated by the position of the implements in drift-deposits a 
hundred feet above the existing river. 

The conclusions forced upon those who examined the facts on the spot 
did not receive immediate acceptance by all who were interested in Geo- 
logy and Archajology, and fierce were the controversies on the subject 
that wei'e carried on both in the newspapers and before various learned 
societies. 
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It is at the same time instructive and amusing to look back on the 
discussions of those days. While one class of objectors accounted for the 
configuration of the flint implements from the gravels by some unknown 
chemical agency, by the violent and continued gyratory action of water, 
by fracture resulting from pressure, by rapid cooling when hot or by rapid 
heating when cold, or even regarded them as aberrant forms of fossil 
fishes, there were others who, wlien compelled to acknowledge that the 
implements were the work of men’s liands, attempted to impugn and set 
aside the evidence as to the circumstances under which they had been 
discovered. In doing this they adopted the view that the worked flints 
had either been introduced into the containing beds at a comparatively 
recent date, or if they actually formed constituent parts of the graved then 
that this was a mere modern allu\ i urn resulting from floods at no very 
remote period. 

In the course of a few years the main stream of scientific thought left 
this controversy behind, though a tendency to cut down the lapse of time 
necessary for all the changes that have taken place in the configuration of 
the surface of the earth and in the character of its occupants since the 
time of the Paleolithic gravels, still survives in the inmost recesses of the 
liearts of not a few observers. 

In his Address to this Association at the Path meeting of 1864, Sir 
Charles Lyell struck so true a note that I am tempted to reproduce the 
paragraph to which I refer 

‘ When speculations on the long series of events wliich occurred in the 
glacial and post-glacial periods are indulged in, the imagination is apt to 
take alarm at the immensity of the time required to interpret the monu- 
ments of these ages, all referable to the era of existing species. In order 
to abridge the number of centuries which would otherwise be indispensable, 
a disposition is shown by many to magnify tlie rate of change in pre- 
historic times by investing the causes which have modified the animate 
and inanimate world with extraordinary and excessive energy. It is 
related of a great Irish orator of our day that when he was about to 
contribute somewhat parsimoniously towards a public charity, he was 
persuaded by a friend to make a more liberal donation. In doing so he 
apologized for his first apparent want of generosity by saying that his 
early life had been a constant struggle with scanty means, and that ‘‘ they 
who are born to affluence cannot easily imagine how long a time it takes 
to get the chill of poverty out of one’s bones.” In like manner we of the 
living generation, when called upon to make grants of thousands of 
centuries in order to explain the events of what is called the modem 
period, shrink naturally at first from making what seems so lavish an 
expenditure of past time. Throughout our early education we have been 
accustomed to such strict economy in all that relates to the chronology of 
the earth and its inhabitants in remote ages, so fettered have we been by 
old traditional beliefs, that even when our reason is convinced, and we 
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are persuaded that we ought to make more liberal grants of time to the 
Geologist, we feel how hard it is to get the chill of poverty out of our 
bones.’ 

Many, however, have at the present day got over this feeling, and of 
late years the general tendency of those engaged upon the question of tlie 
antiquity of the human race has been in the direction of seeking for 
evidence by which the existence of Man upon the earth could be carried 
back to a date earlier than that of the Quaternary gravels. 

There is little doubt that such evidence will eventually be forthcoming, 
but, judging from all probability, it is not in Northern Europe that the 
cradle of the human race will eventually be discoverer!, but in some part 
of the world more favoured by a tropical climate, where abundant means 
of subsistence could be procured, and where the necessity for warm 
clothing did not exist. 

Before entering into speculations on this subject, or attempting to lay 
down the limits within which we may safely accept recent discoveries as 
firmly established, it will be well to glance at some of the cases in which 
implements are stated to have been found under circumstances which 
raise a presumption of the existence of man in pre-Glacial, Pliocene, or 
even Miocene times. 

Flint implements of ordinary Palfeolithic type have, for instance, been 
recorded as found in the Eastern Counties of England, in beds beneath 
the Chalky Boulder Olay ; but on careful examination the geological 
evidence has not to my mind proved satisfactory, nor has it, I believe, 
been generally accepted. Moreover, the arclueological difficulty that Man, 
at two such remote epochs as the pre-Glacial and the post-Glacial, even if 
the term Glacial be limited to the Chalky Boulder Clay, should liave 
manufactured implements so identical in character that they cannot be 
distinguished apart, seems to have been entirely ignored. 

Within the last few months we have had the report of worked flints 
having been discovered in the late Pliocene Forest Bed of Norfolk, but in 
that instance the signs of human workmanship upon the flints are by no 
means apparent to all observers. 

But such an antiquity as that of the Forest Bed is as nothing when 
compared with that which would be implied by the discoveries of the 
work of men’s hands in the Pliocene and Miocene beds of England, 
France, Italy, and Portugal, which have been accepted by some 
Geologists. There is one feature in these cases whicli has hardly received 
due attention, and that is the isolated character of the reputed discoveries. 
Had man, for instance, been present in Britain during the Crag Period, 
it would be strange indeed if the sole traces of his existence that he left 
were a perforated tooth of a large shark, the sawn rib of a manatee, and 
a beaming full face, carved on the shell of a pectunculus ! 

In an address to the Anthropological Section at the Leeds meeting of 
this Association in 1890 I dealt somewhat fully with these supposed 
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discoveries of the remains of human art in beds of Tertiary date ; and T 
need not here go further into the question. Suffice it to say that I see no 
reason why the verdict of ‘ not proven ’ at which I then arrived should be 
reversed. 

In the case of a more recent discovery in Upper Burma in beds at 
first pronounced to be Upper Miocene, but subsequently ‘ definitely 
ascertained to be Pliocene,^ some of the flints are of purely natural and 
not artificial origin, so that two questions arise : first, Were the fossil 
remains associated with the worked flints or with those of natural forms ? 
And second. Were they actually found in the bed to which they have 
been assigned, or did they merely lie together on the surface ? 

Even the PithecniitJirojms erectus of Dr. Eugene Dubois from Java 
meets with soine incredulous objectors from both the physiological and the 
geological sides. From the point of view of the latter the difficulty lies 
in determining the exact age of what are apparently alluvial beds in the 
bottom of a river valley. 

When wo return to Palfcolithic man, it is satisfactory to feel that we 
are treading on comparatively secure ground, and that the discoveries of 
the last forty years in Britain alone enable us to a great extent to recon- 
stitute his history. We may not know the exact geological period when 
first he settled in the British area, but we have good evidence that he 
occupied it at a time when the configuration of the surface was entirely 
difterent from what it is at present : when the river valleys had not been 
cut down to anything like their existing depth, when the fauna of the 
country was of a totally different character from that of the pi'esent day, 
when the extension of the southern part of the island seaward Avas in 
places such that the land was continuous with that of the continent, and 
when in all jirobability a far more rainy climate prevailed. We have 
proofs of the occupation of the country by man during the long lapse of 
time that was necessary for the excavation of the river valleys. We have 
found the old floors on which his habitations were fixed, we have been 
able to trace him at work on the manufacture of flint instruments, and by 
building up the one upon the other the flakes struck off by the priimeval 
workman in those remote times we have been able to reconstruct the 
blocks of flint which served as liis material. 

That the duration of the Paheolithic Period must have extended over 
an almost incredible kmgth of time is sufficiently proved by the fact that 
valleys, some miles in width and of a depth of from 100 to 150 feet, have 
been eroded since the deposit of the earliest implement-bearing beds. Nor 
is the apparent duration of this period diminished by the consideration 
that the floods which hollowed out the valleys were not in all probability 
of such frecjuent occurrence as to teach Paleolithic man by experience 
the danger of settling too near to the streams, for had he kept to the 
higher slopes of the valley there would have been but little chance of his 
implements having so constantly formed constituent parts of the gravels 
deposited by the floods. 
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Tlie examination of British cave-deposits affords corroborative evi- 
dence of this extended duration of the Paheulithic Period. In Kent’s 
Cavern at Torquay, for instance, we find in the lowest deposit, the breccia 
below the red cave-earth, implements of flint and chert corresponding in 
all respects with those of the high level and most ancient river gravels. 
In the cave-earth these are scarcer, though implements occur which also 
have their analogues in the river deposits ; but, what is more remarkable, 
harpoons of reindeer’s horn and needles of bone are present, identical in 
form and character with those of the caverns of the Reindeer Period in 
the South of Prance, and suggestive of some bond of union or identity of 
descent between the early troglodytes, whose habitations were geographi- 
cally so widely separated the one from the other. 

In a cavern at Creswell Crags, on the confines of Derbyshire and 
Nottinghamshire, a bone has moreover l^een found engraved with a repre- 
sentation of parts of a horse in precisely the same style as the engraved 
bones of the French caves. 

It is uncei*tain whether any of the River-drift specimens belong to so 
late a date as these artistic cavern-remains ; but the greatly superior 
antiquity of even these to any Neolithic relics is testified by tlie thick 
layer of stalagmite, which had been deposited in Kent’s Cavern before its 
occupation by men of the Neolithic and Bronze Periods. 

Towards the close of the period covered by the human occupation of 
the French cav^es, there seems to have been a dwindling in the number of 
the larger animals constituting the Quaternary fauna, whereas their re- 
]nains are present in abundance in the lower and therefore more recent of 
the valley gravels. This circumstance may aflbrd an argument in favour 
of regarding the period represented by the later French caves as a con- 
tinuation of that during wliich the old river gravels were deposited, and 
yet the great change in the fauna that has taken place since tlie latest of 
the cave-deposits included in the Palscolithic Period is indicative of an 
immense lapse of time. 

How much greater must have been the time required for the more 
conspicuous change between the old Quaternary fauna of the river gravels 
and that characteristic of the Neolithic Period ! 

As has been pointed out by Prof. Boyd 3)awkins, only thii’ty-one out 
of the forty-eight well -ascertained species living in the post-Glacial or 
River-drift Period survived into })re-historic or Neolithic times. We 
have not, indeed, any means at command for estimating the number of 
centuries which such an important change indicates ; but when we 
remember that the date of the commencement of the Neolithic or {Surface 
Stone Period is still shrouded in the mist of a dim antiquity, and that 
prior to that commencement the River-drift Period had long come to an 
end ; and when we fui'ther take into account the almost inconceivable 
ages that even under the most favourable c<.)nditions the excavation of 
wide and deep valleys by river action implies, the remoteness of the date 
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at which the Palaeolithic Period had its beginning almost transcends our 
powers of imagination. 

We find distinct traces of river action from 100 to 200 feet above the 
level of existing streams and rivers, and sometimes at a great distance 
from them ; we observe old fresh-water deposits on the slopes of valleys 
several miles in width ; we find that long and lofty escarpments of rock 
have receded unknown distances since their summits were first occupied 
by Paheolithic man ; we see that the whole side of a wide river valley has 
been carried away by an invasion of the sea, which attacked and removed 
a barrier of chalk cliffs from 400 to 600 feet in height ; we find that what 
was formerly an inland river has been widened out into an arm of the 
sea, now the highway of our fleets, and that gravels which were originally 
ch'posited in the bed of some ancient river now cap isolated and lofty 
hills. 

And yet, remote as the date of the first known occupation of Britain 
by man may be, it belongs to what, geologically speaking, must be 
regarded as a quite recent period, for we are now in a position to fix with 
some degree of accuracy its place on the geological scale. Thanks to 
investigations ably carried out at Hoxne in Suffolk, and at Hitchin in 
Hertfordshire, by Mr. Clement Reid, under the auspices of this Associa- 
tion and of the Royal Society, we know that the implement-bearing beds 
at those j)laces undoubtedly belong to a time subsequent to the deposit of 
the Great Cflialky Boulder Clay of the Eastern Counties of England. It 
is, of course, self-evident that this vast deposit, in whatever manner it 
may have been formed, could not, for centuries after its deposition was 
complete, have presented a surface inhabitable by man. Moreover, at a 
distance but little farther north, beds exist which also, though at a some- 
what later date, were apparently formed under Glacial conditions. At 
Hoxne the interval between the deposit of the Boulder Clay and of the 
implement-bearing beds is distinctly proved to have witnessed at least 
two noteworthy changes in climate. The beds immediately reposing on 
the Clay are characterised by the presence of alder in abundance, of hazel, 
and yew, as well as by that of numerous flowering plants indicative of a 
temperate climate very different from that under which the Boulder Clay 
itself was formed. Above these beds characterised by temperate plants, 
comes a thick and more recent series of strata, in which leaves of the 
dwarf Arctic willow and birch abound, and which were in all probability 
deposited under conditions like those of the cold regions of Siberia and 
North America. 

At a higher level and of more recent date than these — from which 
they are entirely distinct— are the beds containing Paheolithic imple- 
ments, formed in all probability under conditions not essentially difterent 
from those of the present day. However this may be, we have now con- 
clusive evidence that the Paheolithic implements are, in the Eastern 
Counties of England, of a date long posterior to that of the Great Chalky 
Boulder Clay. 
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It may be said, and said truly, that the implements at Hoxne cannot 
be shown to belong to the beginning rather than to some later stage of 
the Palieolithic Period. The changes, however, that have taken place at 
Hoxne in the surface configuration of the country prove that the beds 
containing the implements cannot belong to the close of that period. 

It must, moreover, be remembered that in what are probably the 
earliest of the Palaeolithic deposits of the Eastern Counties, those at the 
highest level, near Brandon in Norfolk, where the gravels contain the 
largest proportion of pebbles derived from Glacial beds, some of the 
implements themselves have been manufactured from materials not 
native to the spot but brought from a distance, and derived in all pro- 
bability either from the Boulder Clay or from some of the beds associated 
with it. 

We must, however, take a wider view of the whole question, for it 
must not for a moment be supposed that there are the slightest grounds 
for believing that the ci\'ilisation, such as it was, of the Palieolithic Period 
originated in the British Isles. We find in other countries implements 
so identical in form and character with British specimens that they 
might have been manufactured by the same hands. These occur over 
large areas in France under similar conditions to those that prevail in 
England. The same forms have been discovered in the ancient river 
gravels of Italy, Spain, and Portugal. Some few have been recorded 
from the north of Africa, and analogous types occur in considerable 
numbers in the south of that continent. On the banks of the Nile, many 
liundreds of feet above its present level, implements of the European 
types have been discovered ; while in Somaliland, in an ancient river 
valley at a great elevation above the sea, Mr. Seton-Karr has collected 
a large number of implements formed of flint and quartzite, which, 
judging from their form and character, niight have been dug out of the 
drift deposits of the Somme or the Seine, the Thames or the ancient 
Solent. 

In the valley of the Euphrates implements of the same kind have 
also been found, and again farther east in the lateritic deposits of 
Southern India they have been obtained in considerable numbers. It is 
not a little remarkable, and is at the same time highly suggestive, that 
a form of implement almost peculiar to Madras reappears among imple- 
ments from the very ancient gravels of the Manzanarcs at Madrid. In 
the case of the African discoveries we have as yet no definite Paliconto- 
logical (ividence by which to fix their antiquity, but in the Narbada 
Yalley of AVestern India Pala3olithic implements of quartzite seem to be 
associated with a local fauna of Pleistocene age, comprising, like that of 
Europe, the elephant, hippopotamus, ox, and other mammals of species 
now extinct. A correlation of the two faunas with a view of ascertaining 
their chronological relations is beset with many difficulties, but there 
seems reason for accepting this Indian Pleistocene fauna as in some 
degree more ancient than the European. 
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Is this not a case in which the imagination may be fairly invoked in 
aid of science ? May we not from these data attempt in some degree to 
build up and reconstruct the early history of the human family ? There, 
in Eastern Asia, in a tropical climate, with the means of subsistence 
readily at hand, may we not picture to ourselves our earliest ancestors 
gradually developing from a lowly origin, acquiring a taste for hunting, 
if not indeed being driven to protect themselves from the beasts around 
them, and evolving the more complicated forms of tools or weapons from 
the simpler flakes which had previously served them as knives ? May we 
not imagine that, when once the stage of civilisation denoted by these 
Palaeolithic implements had been reached, the game for the hunter became 
scarcer, and that his life in consequence assumed a more nomad character ? 
Then, and possibly not till then, may a series of inigrations to ‘fresh 
woods and pastures new ' not unnaturally have ensued, and these follow- 
ing the usual course of ‘westward towards the setting sun^ might 
eventually lead to a Palieolithic population finding its way to the extreme 
l)orders of Western Europe, where we find such numerous traces of its 
presence. 

How long a term of years may be involved in such a migration it is 
impossible to say, but that such a migration took place the phenomena 
seem to justify us in believing. It can hardly be supposed that the pro- 
cess that I have shadowed forth was reversed, and that Man, having 
originated in North-Western Europe, in a cold climate where clothing 
was necessary and food scarce, subsequently migrated eastward to India 
and southward to the Cape of Good Hope ! As yet, our records of dis- 
coveries in India and Eastern Asia are but scanty ; but it is there tliat 
the traces of the cradle of the human race are, in my opinion, to be 
sought, and possibly future discoveries may place upon a more solid 
foundation the visionary structure that I have ventured to erect. 

It may be thought that my hypothesis does not do justice to what 
Sir Thomas Browne has so happily termed ‘ that great antiquity, 
America.’ I am, however, not here immediately concerned with the 
important Neolithic remains of all kinds with which this great continent 
abounds. I am now confining myself to the question of Paheolithic man 
and his origin, and in considering it I am not unmindful of the Trenton 
implements, though I must content myself by saying that the ‘ turtle- 
back ’ form is essentially ditlerent from the majority of those on the wide 
dissemination of which I have been speculating, and, moreover, as many 
here present arc aware, the circumstances of the finding of these American 
implements are still under careful discussion. 

Leaving them out of the question for the present, it may be thought 
worth while to carry our speculations rather further, and to consider the 
relations in time between the Piilfeolithic and the Neolithic Periods. We 
have seen that the stage in human civilisation denoted by the use of the 
ordinary forms of Palseolithic implements must have extended over a vast 
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period of time if we have to allow for the migration cf the primawal 
hunters from their original home, wherever it may have been in Asia or 
Africa, to the west of Europe, including Britain. We have seen that, 
during this migration, the forms of the weapons and tools made from 
silicious stones had become, as it were, stereotyped, and further, that, 
during the subsequent extended period implied by the erosion of the 
valleys, the modifications in the form of the implements and the changes 
in the fauna associated with the men who used them were but slight. 

At the close of the period during which the valleys were being eroded 
comes that represented by the latest occupation of the caves by Paheolithic 
man, when both in Britain and in the south of France the reindeer was 
abundant ; but among the stone weapons and implements of that long 
troglodytic phase of man^s history not a single example with the edge 
sharpened by grinding has as yet been found. All that can safely be said 
is that the larger implements as well as the larger manimals had become 
scarcer, that greater power in chipping flint had been attained, that the 
arts of the engraver and the sculptor had considerably developed, and 
that the use of the bow had probably been discovered. 

Directly we encounter the relics of the Neolithic Period, often, in the 
case of the caves lately mentioned, separated from the eailier remains by 
a thick layer of underlying stalagmite, we lind flint hatchets polished at 
the edge and on the surface, cutting at the broad and not at tlie narrow 
end, and other forms of implements associated with a fauna in all essential 
respects identical with that of the present day. 

Were the makers of these polished weapons the direct descendants of 
Pala’olithic ancestors whose occupation of the country was continuous 
from the days of the old river gravels? or had these long since died out, 
so that after Western Europe had for ages remained uninhabited, it was 
re-peopled in Neolithic times by the immigration of some new race of 
men? Was there, in fact, a ‘great gulf fixed ' between the two occupa- 
tions ? or was there in Europe a gradual transition from the one stage of 
culture to the other ? 

It has been said that ‘what song the Syrens sang, or what name 
Achilles assumed when he hid himself among women, though puzzling 
questions, are not beyond all conjecture ^ ; and though the questions now 
proposed’ may come under the same category, and must await the dis- 
covery of many more essential facts before they receive definite and satis- 
factory answers, we may, I think, throw some light upon them if we 
venture to take a few steps upon the seductive if insecure paths of con- 
jecture. So far as I know we have as yet no trustwoithy evidence of any 
transition from the one age to the other, and the gulf between them 
remains practically un])ridged. We can, indeed, hardly name the part of 
the world in which to seek for the cradle of Neolithic civilisation, though 
we know that traces of what appear to have been a stone-using people 
have been discovered in Egypt, and that what must be among the latest 
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of the relics of their industry have been assigned to a date some 3,500 to 
4,000 years before our era. The men of that time had attained to the 
highest degree of skill in working Hint that has ever been reached. 
Their beautifully made knives and spear-heads seem indicative of a culmi- 
nating point reached after long ages of experience ; but whence these 
artists in flint came or who they were is at present absolutely unknown, 
and their handiworks aflbrd no clue to help us in tracing their origin. 

Taking a wider survey, we may say that, generally speaking, not only 
the fauna but the sur-face configuration of the country were, in Western 
Europe at all events, much the same at the commencement of the Neolithic 
Period as they are at the present day. We have, too, no geological indi- 
cations to aid us in forming any chronological scale. 

The occupation of some of the caves in the .south of France seems to 
have been carried on after the erosion of the neighbouring river valleys 
had ceased, and so far as our knowledge goes these caves oiler evidence of 
being the latest in time of those occupied by Man during the Pakvolithic 
Period. It seems barely possible that, tliough in the nortli of Europe 
there arc no distinct signs of such late occupation, yet that, in the south, 
Man may have lived on, though in dimini.shed numbers ; and that in some 
of the caves, such, for instance, as those in tlie neighbourhood of Mentone, 
there may be traces of his existence during the transitional period that 
connects the Pahvolithic and Neolithic Ages. If this were really the case, 
we might expect to find some traces of a dissemination of Neolithic culture 
from a North Italian centre, but I much doubt whether any such traces 
actually exist. 

If it had been in that part of tlie world that the transition took 
place, how are we to account for the abundan<M‘ of polislu'd stone hatchets 
found in Central Indian Did Neolithic man return (‘astward by the 
same route as that by which in remote ages his Paheolithic 2 )redeces£^ot• 
had migrated westward ? Would it not be in defiance of all probability 
to answer such a question in the aflirniati\e^ We ha\ e, it must be 
confessed, nothing of a substantial character to guide us in these specula- 
tions ; but, pending the advent of evidence to the contrary, we may, I 
think, provisionally adopt the view that owing to failure of food, climatal 
changes, or other causes, the occupation of Western Europe by Paheolithic 
man absolutely cc^^secl, and that it was not until after an interval of long 
duration that Europe was re-peopled by a race of men imnngrating from 
some other part of the globe where the human race had survived, and in 
course of ages had developed a higher stage of culture than that of 
Palaeolithic man. 

I have been carried away by the liberty allowed for conjecture into 
the regions of pure imagination, and must now' return to the realms of 
fact, and one fact on which I desire for a short time to insist is that 
of the existence at the present day, in close juxtaposition with our own 
civilisation, of races of men who, at all events but a few generations ago, 
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lived under much the same conditions as did our own Neolithic predecessors 
in Europe. 

Tlie manners and customs of these primitive tribes and peoples are 
changing day by day, their languages are becoming obsolete, their myths 
and traditions are dying out, their ancient processes of manufacture are 
falling into oblivion, and their numbers are rapidly diminishing, so that it 
seems inevitable that ere long many of these interesting populations will 
become absolutely extinct. The admirable Bureau of lilthnology instituted 
by our neighbours in the United States of America has done much 
towards preserving a knowledge of the various native races in this vast 
continent ; and here in Canada the annual Archaeological Reports pre- 
sented to the Minister of Education are cndering good service in the 
same cause. 

Moreovei* the Committees of this Asso3 ation appointed to investigate 
the physical characters, languages, and industrial and social conditions of 
the North-Western tribes of the Dominion of Canada is about to present 
its twelfth and final report, which in conjunction with those already pre- 
sented will do much towards preserving a knowledge of the habits and 
languages of those tribes. It is sad to think that Mr. Horatio Hale, 
whose comprehensive gr’asp of the bearings of ethnological questions, and 
whose unremitting labours have .so materially conduced to the success of 
the Committee, should be no longer among us. Although this report is 
said to be final, it is to be hoped that the Committee may be able to 
indicate lines upon which future work in the direction of ethnological and 
archaeological research may be profitably carried on in this pai’t of Her 
Majesty’s dominions. 

It is, however, lamentable to notice how little is being or has been 
officially done towards preserving a full record of the habits, beliefs, arts, 
myths, languages, and physical characteristics of the countle.ss other tribes 
and nations more or less uncivilised wliich arc conq)rised within the 
limits of the British Empire. At the meeting of this Association held last 
year at Liverpool it was resolved by the General Committee ‘ that it is of 
urgent importance to press upon the Government the necessity of 
establishing a Bureau of Ethnology for Greater Britain, which by collect- 
ing information with regard to the native races within and on the borders 
of the Empire will prove of immense value to science and to the Govern- 
ment itself.’ It has been suggested that such a bureau might with the 
greatest advantage and with the least outlay and permanent expense be 
connected either with the British Museum or with the Imperial Institute, 
and the project has already been submitted for the con.sideration of the 
Trustees of the former establishment. 

The existence of an almost unrivalled ethnological collection in the 
Museum, and the presence there of officers already well versed in 
ethnological research, seem to afford an argument in favour of the proposed 
bureau being connected with it. On the other hand, the Imperial Insti- 
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tute was founded with an especial view to its being a centre around which 
every interest connected with the dependencies of the Empire might 
gather for information and support. The establishment within the last 
twelve months of a Scientific Department within the Institute, with well- 
appointed laboratories and a highly trained staff, shows how ready are 
those concerned in its management to undertake any duties that may 
conduce to the welfare of the outlying parts of the British Empire ; a fact 
of which I believe that Canada is fully aware. The Institute is therefore 
likely to develop, so far as its scientific department is concerned, into a 
Bureau of advice in all matters scientific and technical, and certainly a 
Bureau of Ethnology such as that suggested would not be out of place 
within its walls. 

Wherever such an institution is to be established, the question of its 
existence must of necessity I'est with Her Majesty's Government and 
Treasury, inasmuch as without funds, however moderate, the undertaking 
cannot be carried on. I trust that in considering the question it will 
always be borne in mind that in the relations between civilised and 
uncivilised nations and races it is of the first importance that the pre- 
judices and especially the religious or semi-religious and caste prejudices 
of the latter should be thoroughly well known to the former. If but a 
single ‘little war’ could be avoided in consequence of the knowledge 
acquired and stored up by the Bureau of Ethnology preventing such a 
misunderstanding as might culminate in warfare, the cost of such an 
institution would quickly be saved. 

I fear that it will be thought that I have dwelt too long on prima;val 
man and liis modern representatives, and that 1 should have taken this 
opportunity to discuss some more general subject, such as the advances 
made in the various departments of science since last this Association met 
in Canada. Such a subject would no doubt have afforded an infinity of 
interesting topics on which to ddate. Spectrum analysis, the origin 
and nature of celestial bodies, photography, the connection between heat, 
light, and electricity, the practical applications of the latter, terrestrial 
magnetism, the liquefaction and solidification of gases, tlio behaviour of 
elements and compounds under the influence of extreme cold, the nature 
and uses of the Kontgen rays, the advances in bacteriology and in pro- 
phylactic medicine, might all have been passed under review, and to many 
of my audience would have seemed to possess greater claims to attention 
than the subject that I have chosen. 

It must, however, be borne in mind that most, if not indeed all, of 
these topics will be discussed by more competent authorities in the various 
Sections of the Association by means of the Presidential addresses or 
otherwise. Nor must it be forgotten that I occupy this position as a 
representative of Archocology, and am therefore justified in bringing before 
y^ou a subject in which every member of every race of mankind ought to 
be interested— the antiquity of the human family and the scenes of its 
infancy. 
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others will direct our thoughts in other directions, but the farther we 
proceed the more clearly shall we realise the connection and inter- 
dependence of all departments of science. Year after year, as meetings 
of this Association take place, we may also foresee that ‘ many shall run 
to and fro and knowledge sliall be increased.’ Year after year advances 
will be made in science, and in reading that Book of Nature that lies ever 
open before our eyes ] successive stones will be brought for building up 
that Temple of Knowledge of which our fathers and we have laboured 
to lay the foundations. May we not well exclaim with old Eobert 
Eecorde ? 

‘ Oh woorthy temple of Goddes magnificence : Oh throne of glorye and 
seate of the lorde : tliy substance most pure what tonge can describe ? 
tliy signes are so wonderous, surmountinge maimes witte, the effects of 
thy motions so diners in kinde : so liarde for to searche, and worse for to 
fynde — Thy woorkes are all wonderous, thy cunning unknowen ; yet 
seedes of all knowledge in that booke are sowen — And yet in that boke 
who rightly can reade, to all secrete knowledge it will him straight© 
reade ’ ‘ 


’ Preface to Robert llccorde’s CaUlcof Kmmhihjc, 155(>. 
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Corresponding Societies Committee , — Report of the Committee^ con- 
sisting of Professor E. Meldola {Chainaan), Mr. T. V. Holmes 
[Secret(iry\Mv. Francis Galton, Sir Douglas Galton, Sir Eaw- 
SON Eawson, Mr. G. J. Symons, Dr. J. G. Garson, Sir Joun 
Evans, Mr. J. Hopkinson, Professor T. G. Bonney, Mr. W. 
Whitaker, Professor E. B. Poulton, ]\Ir. Cuthbert Peek, and 
Kev. Canon H. B. Tristram. 


Titr following Corresponding Societies nominated delegates to the Toronto 
meeting. The attendance of the delegate at the first meeting of the 
Conference is indicated by the letter a, and at the second by the letter n. 


A Andersonian Naturalists’ Society 

Belfast Natural History and Philosophical 1 
Society t 

Belfast Naturalists’ Field Club. . . J 

A n Berwickshire Naturalists’ Field Club 

Buchan Field Club ..... 

A B Caradoc and Severn Valley Field Club 
Cardiff Naturalists’ Society 
B Dublin Naturalists’ Field Club 
East Kent Natural History Society . 

A B East of Scotland Union of Naturalists’ 
Societies 

A B Essex Field Club . ... 

B Federated Institution of M ining Engineers 
B Glasgow Natural History ^^ociety 
A B Hertfordshire Natural History Society 
A B Isle of Man Natural History and Anti- 
quarian Society 

Leeds Naturalists’ Club .... 

A Liverpool Geological Society 
A B Manchester Geographical Society 
A B Manchester Microscopical Society 

North of England Institute of Mining and 
Mechanical Engineers 

A B North Staffordshire Naturalists’ Field Club 
A B Perthshire Society of Natural Science 


Malcolm Laurie, B.Sc. 

William Swaiiston, F.G.S. 

G. P. Hughes. 

John Gray, B Sc. 

John Hopkinson, F.L.S , F.G S 
Professor J Viriamu Jones, F R S. 
Professor A. C. Haddon, B.Sc. 

A. S. Reid, M.A., F.G.S. 

H. R. Mill, D.Sc. 

Professor R. Meldola, F.R.S. 
Archibald Blue. 

Professor E. E. Prince, B.A. 

John Hopkinson, F.L.S., F.G.S. 

G. W. Lamplugh, F.G.S. 

Harold Wager, F.L.S. 

Professor W. A. Herdman, F.R.S. 
W. K. Hoyle, M.A. 

Professor F. E. Weiss, B.Sc., F.L.S. 
W. Hamilton Merritt. 


W. D. Spanton, F.R.C.S. 
11. R. Mill, D.Sc. 
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A Woolhope Naturalists’ Field Club , . Rev. J 0. P)evan, M.A,, F.G.S. 

A u Yorkshire Geological and Polytechnic G. W. Lamplugh, F.G.y. 

Society 

B Yorkshire Naturalists’ Union . . . Professor L. C. Miall, F.R S.,F.L.S. 

The first meeting of the Conference was held in the University of 
Toronto on Thursday, August 19. The Corresponding Societies Com- 
mittee were represented by Professor Meldola, F.K.S., Chairman, and Mr. 
John Hopkinson, Secretary of the C<mference. 

The Chairman suggested that, in view of the smallness of the gathering 
(only eleven delegates being present), a paper on the Museums of Canada, 
})y Dr. Henry M. Ami, of Ottawa, be deferred to the Jiext meeting. At 
the Liverpool Conference the question of federation amongst the local 
Natural History Societies of Great Britain had been referred to the 
Corresponding Societies Committee, and the action of the Committee had 
been embodied in tin' Report, which the Secretary would now read. 

Mr. Hopkinson then read the following Report of the Corresponding 
Societies Committee : — 

The Corresponding Societies Committee of the British xVssociation beg 
leave to submit to the General Committee the following Report of the 
results of an attempt made, since (he Liverpool Mi'oting, to obtain the 
opinions of the local scientific Societies on the (picstion of the desirability 
of a much greater amount of federation among them than at present 
prevails. 

In accordanct' with the decision of the (^immittee at a meeting held 
October 29, 1<S9G, copi(*s of Mr. Abbott’s scheme for the formation of 
District I'nions of Natural History Sociiities (which was discussed at the 
Liverpool Conference of Delegates of the Corresponding Societies) were 
forwarded to the sixty-.six Corresponding Societies and to fifty-eight others, 
together v ith the following letter : - 

BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENtU^ 
Burlin(4ton House, London, W. 

Aovemher 1 

Sir, — We are refpiested by the Corresponding Soci(3ties C<»mjnittee to call year 
attention to a scheme drawn up by Mr. Ocoige Abbott (Genci.d Secretary of the 
Soutli-Ea stern Union of Scientific Societies) for promoting Distiict Unions of Natu- 
ral History Societies, a copy of which is inclost'd. This scheme was discussed at 
the Conference of Delegates of the Coiresponduig Societies of the British Association 
held at the Livcipool Meeting of the Association last September, wlien the great ad- 
vantages of federation were generally admitted, and some examples of it wore 
explained At a meeting of the Corresponding Societies Committee on October 2D 
the Report of the Conference of Delegates was considered, and it was decided that, 
as the circumstances in which the local Societies are placed arc oxirenudy varied, it 
is desirable that each Society shall be asked its opinion on IMr. Abbott’s scheme, and 
as to what kind of federation it considers to be the best. Wc have therefore to state 
that the Corresponding Societies Committee will be greatly obliged if 3 ^our Society 
will be good enough to favour them with its views on the subject at any date not 
later than December 20, 1896. 

We are, Sir, yours faithfully, 

11. Meedola, Chairman t 
T. V. Holmes, Secretary^ 

Corresponding Societies Committee, British Association. 


The Secretary. 
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When the Committee met on March 19, 1897, only twenty-six answers 
had been received. The Secretary was accordingly directed to write to 
eleven of the Corresponding Societies which had not replied asking for 
some expression of their views on the subject of federation before the end 
of April. This second application produced eight additional rej)lies, 
making the total received thirty-four, which may be thus classed ; — 

Answers fioiii Corresponding Societies . . . . ,20 

,, ,, other local Societies . . . . . .11 

:u 

As regards the nature of tlie replies tlu* Societies may be thus 
arranged : — 


Helong to Unions already ... , .0 

In close touch with a Union . . I 

J^revented by circumstances from joining L'nions . . 2 

Undecided ........... 4 

Generally favourable to Unions 0 

Unfa\ourable in their own ea.scs 0 




The answers received from Societies which already belong to a Union, 
or are in close* touch with one, call for no remark. Tlie two Societies 
prev(*nted by circuiiistances from joining Unions are the Cambridge Philo- 
sophical Society and the IMarlborough College Natural .History Society. 
In the replies from the four Societies classed as ‘ undecided,’ perhaps the 
most significant remark is to the etlect that the Cliil> in question is doubt- 
ful whetlier economy of energy might not be dearly purchased by loss of 
entliusiasni, and Avliether ‘ a deadening uniformity ’ might not result from 
Unions. Of the nine Socii'ties generally favourable to Unions, two oidy, 
the Hertfordshire Natural History Society and the Leicester Literary 
and Philosophical Society, sent definite, detailed plans of what they pro- 
posed to accomjdisli in their own localities. And a third, the Essex Field 
Club, stated that it was in communication with the Norfolk and Noiwvich 
Natural History Society wdth the view of establishing some degree of co- 
operation bc'tween the tw’o Societies in the future. The others contented 
themselvTS w ith the nunark that union w\as a step in the right direction, 
or with some other phrase expressing vague approval. 

The replies received from the Societies classed as ^unfavourable in 
tlieir own cases ’ vary v ery much as to their approval of federation in the 
abstract. All these Societies are Corre.sponding Societies, and have 
counties or other large areas as their spheres of work. 

It is noticeable that while most of the replies received before March 19 
were, more or less, favourable to federation, those sent in answer to the 
second application are all, more or less, unfavourable. This difference 
between the character of the earlier and the later replies seems to point 
to the conclusion that the local Societies addressed which have sent no 
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answer — 90 out of 24 — have abstained either because they are wholly 
uninterested in schemes of federation, or are more or less unfavourable to 
them. J udging from answers received, it would appear that Societies 
having a whole county or some district of similar size as their sphere of 
operations are usually indifferent, or averse, to union with adjacent counties 
or districts. Members of such Societies do not generally feel a strong 
local interest in larger areas, and at the same time they do not need the 
help of other Societies in the publication of their transactions. On the 
other hand, experience shows that a large number of the smaller local 
Societies are associations rather for lectures and excursions than for local 
scientific work. And the brief annual reports they issue are of little 
interest, except to their own members. Consequently they also are unin- 
terested in questions about federation. 

A feeling unfavourable to federation may result from the existence in 
a district of two large towns of nearly equal importance within a few miles 
of each other. Thus both the Bath Natural History and Antiquarian 
Field Club and the Bristol Naturalists’ Society repoi t that some years ago 
an unsuccessful attempt was made to promote some kind of union among 
the local Societies there. 

A glance at the Federations of the past may be of use. Three or four 
years ago the Midland Naturalists’ Union and the Cumberland and West- 
morland Association both came to an end, after the former had existed 
sixteen years, and the latter a few months longer. Tliii ultimate failure 
of the Midland Union was, in all probability, largely due to the want of 
any common feeling among its members of being ‘ Midlanders.’ But 
Cumberland and Westmorland are two counties which have a strong 
affinity for each other, and have been much associated together in many 
ways. Possibly the ultimate failure of their Association may have been 
mainly the result of the absence of any town in those counties so pre-emi- 
nent in size and importance as to be able to form a recognised standard 
and central Society. 

Two Societies, which once belonged to the Midland Union, express a 
preference for Unions like the Yorkshire Naturalists’ Union. The great 
advantage possessed by that federation lies, however, in the fact that all 
its members, though they may live as far apart as any members of the 
Midland Union once did, have the common feeling of being Yorkshire- 
men. But Warwickshire, for example, may feel no special affinity for 
Nottinghamshire, or the county of Leicester for that of Stafford. 

In short, while no one can doubt the great desirability on all grounds 
of increased federation among the various local Societies, it is obvious that 
success must depend, not on the abstract merits of any given scheme, but 
on its suitability to the local conditions in which it is expected to work. 

Some disappointment may be felt at the slightness of the interest 
manifested in federation. But it may be hoped that many Societies which 
are more or less averse to any close federation with neighbouring Associa- 
tions have, nevertheless, had their thoughts profitably directed towards 
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the attainment of a much greater amount of mutual co-operation and 
assistance than at present prevails. 

The following Societies have been added to the list of the Correspond- 
ing Societies : — 

1. The Halifax Scientific Society and Geologists’ Field Club. 

2. The Brighton and vSussex Natural History and Philosophical Society. 

It The Andersonian Naturalists’ Society. 

The Chairman, in inviting discussion, said that there were great 
differences of opinion with regard to federation, but he thought that 
much good might result from some such scheme as the grouping of 
counties for occasional meetings of their Local Societies, if for no other 
purpose than to avoid duplication of work. By the proceedings of Local 
Societies being collected into one publication, ditfuseness would be avoided, 
and the money spent by individual Societies upon printing might profitably 
be diverted into other channels. 

Professor Herdman said that many scientific men in provincial towns 
like Liverpool had thought a great deal about this (question in recent 
years, but there were many difficulties in the way, some of which he dis- 
cussed. As a matter of history, for one or other of these reasons, every 
attempt made by the Liverpool Geological and Biological Societies to 
decide upon a line of action with other Local Societies had ended in 
failure. Office-bearers in active Societies of good standing were, as a rule, 
opposed to federation, and if there wore one subscription to federated 
Societies the income of each individual Society would bo reduced. 

Dr. II. R. Mill stated that the East of Scotland Union of Naturalists’ 
Societies was very successful, all the members of the federated Societies 
having the same feeling of local patriotism, and that the Perthshire 
Society of Natural Science was one of the best of tliose Local Societies, 
its museum being one of the sights of Perth. The Kirkcaldy Natural 
History Society was also one of the best in the Union. These Societies 
meet in different towns each year, have joint excursions, and are so satis- 
factorily related as to give him great faith in the importance of union. 
He thought there should be a better result from the action of the Corre- 
sponding Societies Committee than from any other agency, and wished 
that some stronger action had been taken than was indicated in its 
Report. 

Mr. G. P. Hughes said tliat the Berwickshire Naturalists’ Club was 
doing fii’st-class work in arclueology and natural history, but he did not 
think that federation could be accomplished in the counties of England 
north of Yorkshire and Lancashire, the area being so large. 

The Rev. J. O. Bevan spoke in favour of joint meetings of the Wool- 
hope Naturalists’ Field Club, the Cardiff Natural History Society, and 
the Caradoc and Seve]*n Valley Field Club. It seemed to him that the 
British Asvsociation possessed the best means of leading provincial Societies 
into union. 

Professor Weiss said that the Manchester ^licroscopical Society was 
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willing to federate with some of the other Local Societies, and found a desire 
for affiliation, but a difficulty in carrying it out, many Societies thinking 
that they would lose more or less of their identity in union. He thought 
thai economy might be effected by original papers being published in 
journals specially devoted to the branch of science of which they treat, 
the Local Societies only publishing accounts of their meetings and 
excursions which would be of interest to all their members. 

Mr. W. D. Spanton, while deprecating actual federation, was in favour 
of joint meetings of the Societies in his district — North Staffordshire. 

Mr. R. E. Dodge (New York) mentioned the Scientific Alliance of 
New York as having accomplished something by union, the announce- 
ment of meetings being satisfactorily made in the Bulletin of the Alliance, 
and the libraries of the different Societies being kept together in one 
building. At Washington the Joint Commission, on which all the Govern- 
ment scientists are represented, was formed on similar lines. 

Di‘. Henry M. Ami (Ottawa) .said that this <(uestion had also ari.sen in 
Canada. For two years they had been attempting to bring about the 
union of the Ottawa Literary Society and the Ottawa Field Naturalist.s’ 
Club. This club was wasting energy ])y the publication in the ‘ Ottawa 
Naturalist ’ of non-scientific matter which crowded out scientific papers. 
There was a movement on foot in Canada to form a Canadian Academy 
of Science, in which geology, botany, zoology, and microscopy would be 
i^presented. 

Mr. Hopkinso?! said that there were vaiious ways in which federation 
could be carried out, which he might roughly group under three heads — 
amalgamation, union, and co-operation with representation. He instanced 
the Caradoc and Severn Valley Field Club as a good exaniple of the 
benefit of amalgamation, a strong field club doing good local w(jrk, and 
publishing the results, ha\ingbeen formed by the coalition of two Societies 
which were struggling for existence. The advantages of union without 
amalgamation were well illustrated by the Yorkshire Naturalists’ Union, 
each Society composing it being (juite independent, but meeting together 
at an annual congre.ss in different York.shire towns. Amongst its mem- 
bers were several Yorkshiremen, like himself not now residing in the 
county nor being members of any of the affdiated Societies. The publi- 
cations of the Union were devoted to the meteorology, geology, botany, 
and zoology of Yorkshire. Under the third heading might be cited the 
present Conference, or such Societies represented as were co-operating 
with Committees of Research of the British A.ssociation ; while there were 
several intermediate links between the three grades of union. Federa- 
tion, theiefore, did not imply sacrifice of individuality. 

Section C. 

Mr. G. \V. Lamplugh called attention to the appointment of a Com- 
mittee of this Section for obtaining a collection of Canadian Geological 
Photographs, on the same lines as the British Committee. 
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Section I). 

Professor Herdman requested the delegates of Societies located on the 
coast to give attention to the investigation of green oysters and to the 
causes which may account for the colour. If oysters were observed to be 
at all tinged with green, it was desirable to ascertain whether any local 
conditions, such as the presence of copper mines near the sea, or some 
other pollution of the water, explained the fact. Professor Herdman said 
he would be grateful foi- full details as to any observed cases. 

iMr. \V. E. Hoyle urged the importance of the accurate use of generic 
and specillc names in the publications of Local Societies. In particular, 
when naming new species, full and accui*ate descriptions should always be 
given. 

The second meeting of the Conference was held in the University of 
Toronto on Monday, August 2^1. The Correspoiuling Societies Com- 
mittee were rcj>resented by Sir John Evans, K.(,t It, F R S , Pi’esident of 
the Association, and by Professor Meldola, F.R.S,, Chairman, and Mr. 
John Ilopkinson, Secretary of the Conference. 

The Chairman said that it was usual, at this second meeting of the 
delegates, to talce the various Sections in alphabetical order, and hear from 
representatives appointed by the sectional Committees any suggestions 
they might have to make with regard to the Committees of Research to 
which the Corresponding Societies could render assistance ; but ho sug- 
gested that they should take advantage of the pn^stuice of Professor 
Miall, President of Section T), who would make some remarks upon a 
possible line of work in which the representatives of the Local Societies 
were interested. 

Professor Mi;ill then made the following remarks • — ‘ My appearance 
here this afternoon is due to the fact that Professor Meldola and myself, 
wlio visited Niagara on Saturday, fell into conversation upon the work of 
the Local Societies. A'our chairman thought it miglit be of some use to 
bring before this meeting, in the form of suggestions, as practical as 
possible, some portions of our talk at Niagara Falls. The Local Societies' 
carry on a great \ariety of work, but upon that and upon the special 
influence of those Societies with regard to scientific investigation I do not 
intend to offer any remarks. I desire only to bring befoi'o you one par- 
ticular line of in({uiry which may be of interest to } ou, and from which 
we may perceive how one side of natural history is, as it seems to me, 
unjustly neglected. I refer to the study of life- histories. We study 
animals and plants in a great variety of forms ; we compile statistics of 
them, and we collect specimens ; but the centr.il point of interest, the 
life-history of the animal, is neglected. 

‘ It may be thought that this study of life-histories is not specially 
suited for the amateurs who compose a large part of the Local Societies. 
It cannot be denied that the work is hard and has special difficulties con- 
nected with it, for to prosecute it in an adequate manner involves some 
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knowledge of anatomy and physiology, and also some acquaintance with 
the pr()]:)lems of development as well as a considerable power of obser- 
vation and much enthusiasm. These certainly appear to be large demands, 
but we cannot expect to get any scientific results of real importance 
which are not procured at the cost of much labour. The things which 
lie upon the surface and are easily got at are, as a rule, in the present 
development of science, not of very great value. If we aim at achieving 
real scientific results we must expect to have to pay for them both with 
our time and with our labour. 

‘ If there be anyone liere who may think of devoting himself to the 
study of life-histori(!S, I need hardly say that he has an abundant choice of 
subjects, even in so narrow and so well worked a country as England. 
I will ask your permission to take a run over that dei)artment of natural 
history with which I have of late years occupied myself. I refer to tlie 
study of insects. Anyone who has occupied himself witli promoting the 
scientific study of insects will, I think, agree witli me when I say that almost 
everything still remains to be done. The insects have been collected and 
classified, but with rare exceptions tlieir life-histories are still unknown. 
Let me instance the Lepidoptera and Coleoptera, for the simple reason 
that they are better known than the rest. We know well their external 
forms or shapes ; the stages of many have been recorded and drawn ; and 
along with these external features we know something about their food- 
plants, mode of life, and so on ; but how their mode of life and peculiarities 
of structure are interrelated we know not. I think it is a reproach to 
the naturalists of our generation that they are content to leave the higher 
knowledge of insects and devote tlieir whole attention to mechanical details. 

‘ As a type of what I am dealing with, let me refer you to the common 
Diptera. 1 do not think that more than a dozen out of the vast number of 
these insects have been thoroughly investigated. It seiuns that 200 or 300 
have been studied, at least superficially, and of these we know more or less; 
but they are among many thousands of which it seems that we are practi- 
cally in complete ignorance. What, then, can we expect to learn about such 
a subject as this unless we are prepared to meet difficulties and incur tlie 
cost of time and labour ? Here is a vast and important field inviting the 
attention of naturalists ; and when we consider the number of enthusiastic 
naturalists scattered, not only over our own, but also over every other 
country, we might surely expect most important results if this business 
were taken seriously in hand. 

‘ As to the methods of inquiry, let me suppose that any one of you 
intends to take up live natural history. I should recoiTimend him to study 
the things which are commonly found round about him ; to procure those 
animals which he is accustomed to see again and again every day, and 
which he will not have to go a mile or two to procure, say from the nearc^st 
stream if not too far away. Then as to tlie helps which exist, there is a 
literature of this subject ; but one difficulty is that most, if not all, of this 
literature is written in a foreign language. Malpighi wrote in Latin, and 
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Swammerdam in Dutch, Reaumur in French, while Boerhaave translated 
Swammerdam’s work into Latin. 

‘ It is singular that so great a lapse of time has taken place with little 
addition to the literature of this subject, since these writers are of the 
seventeenth and eighteenth centuries. The work which they carried 
forward with so much promise of high achievements was allow^ed to fall 
into neglect. There are a few exceptions, but, generally speaking, from the 
commencement of the century up to the present time the subject seems to 
have fallen into almost complete alxiyance, 

‘To incite beginners to undertake this special work of the study of life- 
histories, I think that something might be done if we vvere to put before 
them a single example of a common insect worked out with some degree of 
detail If that were done in England it would g(it over the difficulty felt 
by naturalists who have not made acquaintance with a foreign language. 
We have hardly any examples of life-histories worked out and presented 
to us in a thoroughly acceptable form. This difficulty seems to me so 
considerable that I am now trying to draw up such a life-history of the 
Chiroiiomus, or blood- worm, which is everywhere accessible It is one 
of the most instructive insects known to naturalists, and in twelve montlis 
I hope to have its life-history ready for the use of the student. 

‘ But it is not enough merely to have a book put into the hands of 
students ; they must know how the actual work of obscjwation is done. 
It might be possible to pick up from among the members of the Corre- 
sponding vSocieties in various parts of England an enthusiastic party of 
young men and show them how particular things are done. For instance, 
how to capture certain kinds of insects, how to study them anatomically, 
how to disclose the (unbryonic development and the inner changes which 
accompany metamorphosis. Let me suppose that out of the members of 
the Local (Societies situated within convenient distance of the city of Leeds, 
where I have my laboratory, twelve should agree to assemble some time 
next sumimu’, say in July, and take up the work which T have proposed, 
each to bring his own microscope, if he has one. I will then undertake to 
go through a quite elementary course of training on the Chironomus, its 
life-histoiy and its development. I think I can undertake to initiate 
such a party of investigators into a useful method of carrying on the study 
of life-liistories, and T think they will carry home with them, from a short 
course of study, a deteimiiiiation to pui-suo the work. We could then try 
the experiment in another district, London for instance ; and I should also 
be glad to do anything by way of correspondence to further this study. 

‘ If we should succeed in carrying out this plan it might lead to a 
revival of the study of Jiatural history in our country. Each student 
might turn into a centre of infection when he went home, and spread the 
virus through his brother naturalists. Let us look forward to such a 
revival, and if the suggestions which I luuo made should command for 
this subject the sympathy it deserves, we may realise a bright future for 
this important branch of knowledge.’ 
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Sir John Evans expressed the indebtedness of the meeting for tin 
practical suggestions of Professor Miall. He lioped that those i)reseni 
would realise the desirability of extending the work of the Local Societich 
in the direction indicated. Listening to Professor Mialls plea for tht 
study of the life- histories of insects, he recalled the observation of a great 
ancient authority, Pliny, who said that the nature of things is nowhere 
more complete than in the least {Cttnt ndlnnt rprum itusq}tain 'niAtcjL 
qudui LN tofd sit), a remark which he thought foreshadowed the 

results discovered Ijy naturalists by means of the microscope in modern 
times. 

The Chairman said that he would like to express tlie hope that when 
Professor Miall’s suggestions had been circulated among the members of 
the Corresponding Societies, and his ide^as had borne fruit, tliey would 
have tlie pleasure of hearing, at another Conference, of his students lla^'ing 
achieved valuable work under his tutorship. 

Dr. Ami then read his ‘ lleport on the State of some of tin' Principal 
Museums in Canada and Newfoundland,’ which was ordcr(;d by tin 
General Committee to be print(Hl iit cxttnso, see p. 62. 

The Chairman said that he could not help being struck with the great 
woedth of material existing in Canada. Englishmen must feel a certain 
amount of regret that the museum question is not taken up with more 
earnestness in their own country. Their provincial museums only existed 
with much dilliculty, and were altogether dependent upon private bounty 
in carrying on their existejice. Anyone who visits many of tl^e local 
museums in England must see that the museum question has not taken 
that prominent part in public opinion which it ought to dn. Dr. Ami 
had collected a vast amount of information of great value. There must 
be in the museums of Canada much valuable material in the way of types, 
and students in all parts of the world would be the gainers if it were 
wiflely known where those types were to be found. 

Professor Prince explained that the Fisheries Collection at Ottawa 
under his charge was made for the Fisheries Exhibition in London in 
1883, and was brought back to Canada and given a permanent home. It 
was scarcely representative of the various fisheries of the Dominion, but 
it was an interesting collection b) anyone coming from the old country, as 
it represents the waters of a country abounding in ganoids and other 
remarkable creatures of scientific interest. He considered the Victoria 
Museum to be a perfect model of its kind. 

Professor Meldola then proposed a vote of thanks to Dr. Ami, and 

Mr. Hopkinson seconded it, remarking that he was specially interested 
in the museum (|uestiori at the present time, for, with other members of 
the Hertfordshire Natural History Society, including Sir John Evans, he 
was now endeavouring to raise sufticient money to build and endow a 
museum for Hertfordshire, for which Earl Spencer had granted an ample 
site at St. Albans. They had already been promised about 1,500/., but 
had decided not to commence building until 2,000/. had been raised. 
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A temporary museum had been opened at St. Albans, and he felt sure, 
from their success in obtaining objects of local interest for it, that if the 
money required could be raised an interesting and valuable collection 
would be got together. He feared that Dr. Ami^s paper was too long to 
be published in the Report of the Conference of Delegates, but as the 
Conference stands upon the same footing as any Section of the Association, 
it was empowered to suggest to the Committee of Recommendations that 
this paper was considered of sufficient importance to be published in 
extenso in the Report of the Association, and he moved that this request 
be made. 

The vote of thanks and recommendation were carried unanimously. 
Section H. 

Professor Haddon, speaking on behalf of the Ethnographic Survey 
Committee, said that it seemed to him that, while the Local Societies 
properly spend a great deal of time on natural history, they neglect the 
study of man, who is an animal, and deserves to be studied as thoroughly 
as tlie lower animals. Local Societies might well undertake a survey of 
the ethnography of their own districts. He would be sorry to draw 
students away from the study of other branches of natural history, but he 
thought that there must be many members of the Local Societies who did 
not study the fauna, the flora, or the geology of their locality, but would 
be interested in etiinograpliical work of some kind. There are several 
anthropological investigations which could bo attempted almost anywhere. 
Besides observations on the colour of the hair and eyes, the stature, the 
shape of the head, and other physical cliarac^ters, th(i customs and beliefs 
of the people and their folk-lore should be studied. As examples, mention 
need only be made of local customs on particular days, or the numf^rous 
and very interesting singing games of childrmi, such as ‘Jemny Jo,’ 
‘ Dukes-a-riding,’ ‘ Green Gravel,’ and the like. These might seem to bo 
trifling matters, but many such customs and games are the only records 
we have left to us of the religious rites and social customs of our 
ancestors, and tlierefore they are by no means to be despised. It would 
also be advisable for the local scientific and photographic Societies to 
interest their meml)ers in depicting the geology, natural history, and 
ethnology of their district, the latter especially. Many op})ortunities for 
the study of British anthropology are vanishing or becoming modified, 
just as surely as are corresponding details in the islands of the Pacific. 
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Index of the moie impoiiant FajjerSj and especially those referring to Local Scientific Investigations^ published by the above- 

named Societies during the year ending June 1, 1897. 

* This catalogue contains only the titles of papers published in the volumes or parts of the publications of the Corresponding Societies 

sent to the Secretary of the Committee in accordance with Kule 2. 
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Report on the State of the Principal Mimums in Canada and New- 
foundland. Jhf Henry M. Ami, M.A., D.Sc,, P.G.S., of the 

Geological Survetj of Canada^ Ottawa. 

[Ordered by the Genend Committee to be printed ni exfenso.'] 

The following report on the state of the principal museums in Canada 
and Newfoundland is based upon information contained in a correspond- 
ence between the Director of the Geological Survey Department at 
Ottawa (Dr. Dawson) and the curators or officers in charge of tlie several 
museums, who v(^ry kindly supplied the information desired. 

The four following points in connection with museums received 
particular attention : — 

1. The approximate number of specimens classified and displayed in 
each museum. 

2. Th(^ relative importance of collections in geological, mineralogical, 
botanical, zoological, ethnological, or other classes of material. 

3. Any special collections acquired from individuals included in the 
museum. 

4. Types of spccu‘s (if any) preserved in the museum, with the name 
of the dcscrib(M‘s. 

The order in which the several museums are presented ffeoyrapln- 
('(d. 1 loginning with tin' most easterly one, the jMuseum of the Geo- 

logical Survey of Newfoundland, St. John’s, Newfoundland, and closing 
with the Provincial Museum of British Columbia, Victoria, British 
Columbia. 

The jirincipal object in view in preparing this report was to gather 
definite information I’egarding the amount of material at jiresont housed 
in the various museums of the country, and thus enable the Director of 
the National Museum at Ottawa and others, to whom applications for 
information are constantly coming in, to give satisfactory rojilies. 

The report consists of a consecutive list of museums in Canada and 
Newfoundland, including only the principal ones known to the Depart- 
ment, with brief descriptions or abstracts of the contents of the diilerent 
museums enumerated. 

Brief descriptions and notes on fifty-one private collections in Canada 
are also added. 

This r(‘port does not profess to be complete in every respect. The in- 
formation presented, however, has been obtained from the most reliable 
sources available — from official letters sent by the curators or officers in 
charge of the several museums addressed, or from published papers and 
reports on the contents of museums in the different provinces. 

The thanks of the writer are due to Dr. G. M. Dawson, Director of the 
Geological Survey Department at Ottawa, for many valuable suggestions 
and kind offices in preparing this report. 

Geological Survey of Newfoimdland . — Contains about 3,000 specimens, 
of which 2,000 at least are arranged and classified, to illustrate the 
economic and natural resources of this colony. The mineralogical 
cabinets comprise 600 specimens ; the palaeontological and geological 
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collections include 850 specimens ; whilst the collections of birds, fishes, 
shells, &c., number together 426 specimens. There is an herbarium 
of the plants of the island, prepared by Professors B. L. Robinson and 
H. Schenck, of Harvard. Economic exhibits of the fisheries (seal and fisli- 
oil, tkc.) of Newfoundland. There is also a fair collection of ethnological 
specimens, besides a numismatic collection. Museum, in charge of J. P. 
Howley, Esq., P.G.S., Director of the Geological Survey of Newfoundland, 
and supported by the legislative grant, is located in St. John’s, Newfound- 
land, in the Post Office Building. 

Provincial Museum, Halifax, Nova Scotia . — Contains about 10,000 
specimens. The geological cabinets include : Minerals, 1,000 specimens ; 
rocks, 300 specimens ; fossil organic remains, 2,000 specimens, for the 
most part collected and arranged by the late Dr. D. lloneyman. The 
zoological department includes 1,500 specimens, and the botanical collec- 
tion is that prepared by Dr. Henry How. Museum supported by grant 
from the Legislature of Nova Scotia, and in charge of Dr. E. Gilpin, F.G.S., 
Commissioner of ]\Iines for the province. Located in a large room, 
80 feet by 20 feet, in the uppermost storey of the Halifax City Post Oflice, 
the property of the Dominion Governnient. Types. Contains a few 
types of fossils described by Dr. Honeyman and the type specimen of a 
giant S(}uid described by Professor A. E. Verrill. Curator ; Dr. E. Gilpin, 
M.A., E.G.S., Halifax, Nova Scotia. 

Tlic UalrcrsUij Museum, Dalhoxisic Universitij, Halifax, H ova Scotia . — 
Contains upwards of 1,000 specimens, classified and arranged for the use 
of students and professors. Of 700 S])ecimens in the zoological collection 
the native birds of Nova Scotia form an important pail. The geological 
cabiiKds (;omj)rise a good series of Nova Scotian minerals, Nova Scotian 
carboniferous fossils, and European cretaceous fossils, 450 specimens in 
all. The Patterson collection of arch leologi cal I'emains from various 
parts of Nova Scotia and Prince Edward Island is of considerable import- 
ance : it includes 330 pieces. The Thomas McCulloch collections com- 
prise birds, rocks, fossils, minerals, and plants. An herbarium illus- 
trating the flora of Nova Scotia is in course of pre})aiation. Su}q)orted 
by the University authorities and by the Thomas McCulloch fund of 
^1,400 given to Dalhousie in 1(S84. The Rev. Dr. Eorrest, principal, and 
Professor E. Mackay, pro-curator, in charge, Ilalif.ix, Nova Scotia. 

Acadia U u iversifi/ Jfuseum, Wolfville, Nova Contains upwards 

of 5,000 specimens, neatly arranged and classified for the use of students 
and professors. The geological cabinets include 504 specimens of minerals, 
3()5 rock specimens, and 800 fossil organic remains. The zoological 
collections comjirise (390 specimens, divided as follows : — Ornithological : 
birds, birds’ eggs, and their nests, 300 specimens. Conchologicnl, 300 
species, besides a large number of marine invertebrat(\s. In the herba- 
rium we find nearly all the plants occurring in New Brunswick, presented by 
G. U. Hay, of St. John, N.B., besides collections from various parts of 
the province and from foreign countries. There is also a small ethno- 
logical collection. The zeolites, amethysts, and trap rocks from Blornidon 
are of local and special interest. There is also a fair collection of coins. 
Curator : Professor A. E. Coldwell, M.A., Wolfville, Nova Scotia. 

King's College. Museum, Windsor, Nova Scotia.— Yov the use of 
students. Contains 5,500 specimens. The mineralogical cabinets hold 
the first place ; the botanical collections come next. The next 
important individual collection is the Cosswell Herbarium of phaeno- 
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gamous and cryptogamous plants from Great Britain. Supported by the 
Senate of King’s College. Acting Curator : Professor P. W. Vroom, 
Windsor, Nova Scotia. 

Fictou Academy Museum^ Pictou^ Nova Scotia. — Includes a very good 
and fairly complete collection of the birds and mammals of the county of 
Pictou, an herbarium, and a cabinet of geology illustrating the minerals 
of Nova Scotia, with special reference to the coals, iron ores, and fossil 
remains of Pictou County. Enriched by numerous collections made and 
arranged by Dr. A. H. Mackay, Superintendent of Education for Nova 
Scotia, and a past principal of the Academy. 

Natural History Society of New Brunswick Museum^ St. John, NB . — 
Contains about 15,000 specimens, arranged and classified. The Gesner 
Museum of Geology, tfec., is included in the same building. Geological 
collections comprise 1,400 specimens of minerals, upwards of 1,000 
specimens of fossils, and the zoological department, embracing collec- 
tions of birds, fishes, reptiles, mammals, insects, shells, birds’ eggs, and 
birds’ nests, contains 3,741 specimens in all. There is a good herbarium, 
comprising about 6,500 sheets, 1,500 New Brunswick phanerogams 
and cryptogams, and 5,000 phanerogams, foreign, European, West 
Indies, TJnited States, Canada. About 600 specimens in the archieo- 
logical cabinets and 200 in the ethnological series. The paheontological 
collections are chiefly those of Dr, G. F. Matthew and of the late 
Professor C. F. Hartt. 

Type specimens of fossil organic remains from rock formations in the 
vicinity of St. John, (fee., described by Dr. Matthew, Professor S. H. 
Scudder, Mr. C. F. Hartt, and Sir J. W. Dawson are carefully preserved 
in the cabinets of this museum. 

‘ The most valuable,’ Dr. Matthew writes, ‘ are the types of the 
Devonian plants collected by Hartt and described by Sir William Dawson.^ 
There are here also the types of the fossil insects described by Dr. S. H. 
Scudder that were collected by Hartt.’ Also some few other types and 
a good many typical fossils of various formations. The museum is housed 
in six rooms on the second floor of St. John City Market, Charles Street. 
The society receives a small annual grant from the New Brunswick 
Legislature. Curators of the Museum , Dr. G. F. Matthew, Samuel W. 
Kain, Esq., A. Gordon Leavitt, Es(j. 

The University Museum, University of New Bruusmick, Fredericton, 
NB. — Organised about 1S36 by Dr. James Kobb. The apj)r<)ximato 
number of specimens classified and displayed to-day in the museum is 
2,800, of which about 1,300 belong to the gecjlogical collections of minerals, 
rocks, and fossils from various parts of New Brunswick and other pro- 
vince's of Canada, Europe, and the United States. There are 1,495 speci- 
mens in the zoological cabinets, including birds, birds’ eggs (representing 
250 species), reptiles, crustaceans, fishes, insects, molluscs, and star-fishes, 
(fee., most of which are the gift of foreign institutions and societies. There 
is also the nucleus of a small archaeological collection, including pipes, 
pottery, and stone implements from New Brunswick, with a few from the 
United States. The economic mollusca, the Cambrian fossils of St. John, 
New Brunswick, and the ornithological collection by Messrs. Ganong, 
Matthew, and Adney respectively comprise the most conspicuous and 

* See Jteports or FohsU Plants of the Bcrotiiaii and Tipper Silurian of Canada. 
Geological Survey of Canada, Monti eal, 1871. 
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Special collections. Curator : Professor L. W. Bailey, M.A., Ph.D., 
F.B.S.C., Professor of Geology, University of New Brunswick. 

M'tiseum de l^Uidversite Laval^ Qudbec^ Quebec. — The nucleus of this 
collection, which now amounts to 35,000 specimens, arranged and classified, 
wAs the old ‘ Cabinet de Min^ralogie ’ of the Quebec Seminary. The 
raineralogical cabinet to-day comprises more than 4,000 specimens. Of 
special interest is a collection of minerals made by the Abbe IJauy for the 
Quebec Seminary. Besides 1,000 specimens of rocks, determined by Dr. 
Sterry Hunt, the geological collections include upwards of 1,000 fossil 
remains, some from Canada, determined by the late Mr. E. Billings and 
by Dr. II. M. Ami, others from the late Abbe Joachim Barrande, of 
Bohemia. The zoological collections include 17,000 specimens ; 1,1^00 
mammals, 14,000 insects, and 2,000 shells from \arious parts of the world. 
The botanical collections, including I’Abbe O. Brunet’s herbarium, named 
by Gray, Hooker, Engelman, and Michaux, comprise upwards of 10,000 
sheets. Herbaria, by Hall, Parry, Harbour, Geyer, N. Bield, Leidenberg, 
Vincent, Moser, Smith, Durand, Nuttall, and Bafinesque are also included 
in the botanical collection at Laval. 

The dried specimens of plants are supplemented by an excellent collec- 
tion of woods from Canada and foreign countries. 

An arcluTological and ethnological collection of about 1,000 pieces, 
prepared by Dr. Joseph Charles Tache, for the most part illustrates the 
manners and customs of the Huron aborigines and Indians of North-East 
America. The numismatic collection contains some 3,000 coins and 
medals. 

The ‘Lea collection’ of Unios, the Macoun collection of North-West 
Canadian plants, the St-. Cyr Herbarium of Quebec, the Dr. Ahern col- 
lection of Quebec fossils, form some of the more conspicuous collections in 
the museum of the University. Curator and Kector : Veiy Kev. 
Mgr. J. C. K. Laflamme, P.A., F.R.8.C. 

Museum de V Inst ruction Publique^ Quc}>ec^ Quebec. -Contains 32,450' 
specimens, neatly housed, but uncomfortably overcrowded in a portion of 
the uppermost storey of the Provincial Parliament Building, Quebec. 
The local Legislature has given a small annual grant to the curator for 
the support and maintenance of this museum for a number of years. 
The geological collections consist of 3,500 specimens of minerals and 780 
fossils. The zoological collections amount to 4, 130 specimens as follows : 
Mammals, 60 ; birds (mounted), 46 ; birds (skins), 511; birds’ eggs, 271 ; 
fishes, 65 ; mollusca, 3,480. The entomological collection is large and 
contains 15,670 specimens, including as it does I’Abbe Provanoher’s. 
type collections of Canadian insects, described and figured in his ‘ Faune 
Entomologique de Quebec.’ The 8t. Cyr Herbarium is very exten- 
sive, and includes an excellent series of the Quebec flora. It contains 
7,870 sheets. Curator of the Museum ; Mons. D. N. St. Cyr, Quebec, 
Quebec. 

Mustumi du Seniinaire de Philosophies Montreal ^ Quebec. — For the use 
of the students and professors. Contains about 6,300 specimens, of which 
2,000 are geological (minerals and rocks) ; 1,500 paleontological ; 2,810 
zoological, besides a fair collection of botanical specimens for teaching 
purposes. Amongst the special collections we note one, ‘ Collection de 
Mineralogie faite pour lo College de Montreal par les soins du cdBbre 
Hauy, 1822.’ Most of the fossils are European. Curator : L. Lepoupon. 

Museum du College Saint-Laurents St. Laurents near Montreal s Quebec 
1897. p 
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Miscellaneous collections, comprising upwards of 18,000 specimens. Up- 
wards of 1,000 specimens each of minerals, rocks, and fossils comprise the 
geological cabinets, and as many each of the zoological and botanical 
collections, according to the curator’s report. The ‘ Crevier collection ’ of 
fossils from Montreal and vicinity and a numismatic collection form the 
most interesting special collections we note in this museum. Supported 
by private contributions and donations of friends to the Congregation of 
the Holy Cross. The collections are classed under twenty-five heads and 
in charge of the curator — Rev. Joseph C. Carrier, C.S.C., St, Laurent, 
Quebec. 

Peter Redpath Museum of McGill College, Montreal, Quebec. — 75,000 
specimens, arranged and classified for the use of professors, students, and 
the general public in a large, well lighted, and commodious fire-proof build- 
ing, built for the purpose, in 1882, by the munificent gift of the late Peter 
Redpath, Esq. The geological collections, including the Dawson collec- 
tions of Devonian, Carboniferous, and Cretaceous fossil plants, of Pleisto- 
cene fossils, Microsauria, Eozoon, Jind many other types, and the Logan 
Memorial Collection include some 16,540 specimens, divided as follows : — 
Fossils, 8,000 ; minerals, 2,880 ; rock specimens, 5,660. The Holmes and 
Miller cabinets of minerals are included in the above figures. There are 
also excellent collections of petrographical slides. The zoological collec- 
tions comprise 19,685 specimens as follows : — 

Specimens 


Mammals . . 170 

Hit (Is r)00 

birds’ egg’s ...... 125 

Reptiles ...... 90 

Fishes 200 

( 't ustacea 300 

Molln-ca ........ 7,500 

Insects . . ...... 10,000 

Kchmodermata ....... 250 

Annulata ........ 100 

Anthozoa 200 

Protozoa and Hydrozoa 250 


The University Herbarium consists of upwards of 50,000 sheets, and 
includes the Holmes Herbarium and the Macoun collections of Canadian 
plants, exliibited at the World’s Centennial Exhibition, Philadelphia, in 
1876. There are also representative collections from Australia, India, 
Japan, South Africa, South America, and Northern Europe. Specimens 
of the Canadian timber trees, as well as those of the Unitt'd States and 
foreign countries, are included in the ^ Economic Collection.’ Botanical 
collections in charge of Professor D. P. Penhallow. 

The arclueological and ethnological collections comprise some 1,200 
specimens illustrating th(^ implements, pottery, and weapons of the abo- 
rigines of Canada and foreign countries, besides Egyptian antiquities in 
the Dawson collection. 

The ‘ Carpenter collection ’ of shells is a special feature, and contains 
many types. The Chitonidte are of special interest. The McCulloch col- 
lection of birds is also worthy of note, besides the entomological collections 
of Messrs. Bowles, Cooper, and Pearson, acquired for the museum in recent 
years. 

Types . — This museum contains numerous type specimens of species and 
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varieties of recent and fossil organisms described by Sir William Dawson, 
Professor James Hall, George Jennings Hinde, T. Rupert Jones, Joseph 
Leidy, O. C. Marsh, I). P. Penhallow, J. T. Donald, and P. P. Carpenter. 
Hon. Curators : Sir William Dawson, Dr. B. J. Harrington, Dr. D. P. 
Penhallow, Dr. F. D. Adams, Dr. W. E. Decks, Peter Redpath Museum, 
Montreal. 

Mv.seum of the Natural History Society of Montreal, Montreal, Quebec . — 
Total number of specimens displayed and classified, 18,250. Of these the 
zoological collections comprise nearly two-thirds, viz., 11,220 specimens, 
as follows : — 


Mammals (mounted) . 

. • . 150 

Birds (mounted) 

1,300 

Keptiles (mounted) 

50 

Fish (mounted) .... 

120 

Sljells, classified and labelled 

4,000 

Crustacea ..... 

200 

Insects ...... 

5,000 

Kadiates 

150 

Corals and sponges 

250 


11,220 


These 11,220 specimens, together with a botanical collection of Cana- 
dian and British plants, numbering 1,600 sheets, make up the total of 
12,820 biological specimens. The geological collections comprise 1,500 
rocks and fossils, besides 2,500 minerals, amongst which are some rare 
old finds. Of birds’ eggs there is a collection of 160 specimens. 

There is also the ‘ Ferrier collection ’ of Egyptian antiquities, pre- 
.sented in 1859 ; the ‘ C. XJ. Shepard collection ’ of minerals, numbering 600 
.specimens ; and a rare collection of birds from the Malay Archipelago 
presented by H. J. Tiffin, Esq., in 1892. 

Tlie collections in this museum have been enriched from time to time 
by private donations, and much of tin*, work in classification is due to Sir 
William Dawson, Mr. J. F. Whiteaves, the late Mr. E. Billings, and many 
others. This society received provincial aid for a number of years, but is 
now supported by the membiTS of the Natural History Society of Mon- 
treal. Curator : J. B. Williams, Esq., 52 University Street, JMontreal, 
Quebec. 

Museum of the (ieoloyical Survey of Cam nda — the. National Museum of 
Canada, Ottairn, — Contains some 92,000 specimens, arranged and 

classified for refeience. The finest and mo.st complete collection of Cana- 
dian minerals, rocks, and fossils. The geological cabinets and cases 
include upwards of 14,000 .specimens of minerals and rocks, illustrating 
the mines and raining industry of Canada, besides a typical collection of 
1 6,000 fossil organic remains neatly labelled and classified, representing 
about 4,600 species, of whicli about 1,000 are the typ(;s of species de- 
scribed by the late E. Billings, and some 600 types described by Mr. 
Whiteaves. Other type specimens of fossil organic remains in the collec- 
tion are the types of species established by Sir Win. Dawson, Sir W. E. 
Logan, J. W. Salter, Dr. S. H. Scudder, Professor T. Rupert Jones, 
Professor E. O. Ulrich, Professor E. D. Cope, Professor H. Alleyne 
Nicholson, Dr. Henry Woodward, Professor James Hall, Dr. Arthur H. 


F 2 


600 of these are Canadian. 



68 


REPORT — 1897. 


Poord, Mr. W. R. Billings, Dr. II. M. Ami, and Mr. L. M. Lambe. 
Among special suites may bo mentioned fossils characterising the ‘Quebec 
Group’ of Logan and Billings from Quebec and Newfoundland. 

About 150,000 specimens, illustrating the palieontological characters of 
the various geological forinations in Canada, fi‘om Atlantic to Pacific, and 
from the United States boundary line to the Arctic Circle, are kept for 
reference in the store-room and basement of the museum, together with 
a series of duplicate specimens for collections intended for educational 
purposes. 

Tluire is also a remarkably /ine collection of Ordovician Crinoidea from 
the Trenton of Ottawa and Hull, and a fine seric's of Devonian fishes 
from Bay des Chaleurs, and the original specimens of Eozoon canathmi^r , 

The zoological collections compri.se 15,000 specimen.s, including the 
‘ Whiteaves collection ’ of shells, Athuitic and Pacific coast shells of British 
North America — corals, radiates, and sponges from various localities - 
besides birds, mammals, reptiles, and the ‘ Geddes collection of Lepi- 
doptera,’ chiefly Rocky Mountain and Canadian. 

Types ; North Pacific and N. Atlantic recent sponges described by 
Mr. L. M. Lambe ; Mollusca, foraminifera and other invert(;brates de- 
scribed by j\Ir. J. F. Whiteaves, A. E. A^errill, J. B. Smith, Alex. Agassiz 
and others. 

Ethnological collection includes the ‘Mercier collection ’ (chiefly N.W. 
Eskimo) : the ‘ Herschfeldcr collection ’ of Indian remains frojn Ontario ; 
the Powell collection of Pacific or West Coast Indians of Brithh Columbia, 
besides various collections made by othcers of the Geological Survey of 
Canada. 

Madoc Meteorite, Thurlow Meteorite (pars) also in the collection. 

The herbarium contains upwards of 80,000 sheets, of which 50,000 
form the most complete collection of Canadian plants. Besides numerou.s 
types and co-types of Canadian species described by Hooker, Michaux,. 
Torrey, Pursh, Gray, Watson, Kindberg, Robinson, Peck, and other 
botanists, the herbarium comprises large and representative collectioim 
from Great Britain, Scandinavia, Northern Russia, France, Getmany^ 
Switzerland, Austria, Italy, Greenland, the United States of Ameilca, 
including Alaska, Mexico, Australia, New Zealand, Natal, il:c. There 
are also included the classic herbaria prepared by Menzies, Sir Joseph 
Back, Sir John Richardson, Douglas, Drummond, and other arctic 
explorers in the early years of tliis century, besides a complete collection 
of Canadian woods and a fair collection of the native fruits fiom the 
Atlantic to the Pacific. The herbarium is in charge of Professor John 
Macoun, Dominion Botanist. 

Director of the Mu.seum : Dr. G. M. Dawson, C.M.G., F.R.S. 

The Fisheries Museum^ Ottawa^ Canada , — Under the immediaUi care 
of the Department of Marine and Fisheries at Ottawa. Contains the 
best collection of Canadian fishes in the Dominion. This collection, 
primarily brought together in 1883 as part of the exhibit from Canada at 
the Fisheries Exhibition, London, England, gives a very fair idea of the 
fisheries of the large bodies of fresh and salt water of the Dominion from 
an economic standpoint. Specimens determined for the most part by Mr. 
J. F. Whiteaves, of the Geological Survey of Canada in 1883. Now in 
charge of Professor Ed. E. Prince, B.A., F.L.S., Commissioner of Fisheries 
for Canada, Ottawa. 

Central Experimental Farm Museum^ Ottawa, Ontario , — Contains a 
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good lierbarium of Canada. Collections of native and cultivated fruits, 
seeds, (tc., preserved in a liquid medium for reference for agricultural as 
well as horticultural purposes. Samples of the cereals, grasses, and fruits 
which grow in Canada as the result of tests made at the central and other 
experimental stations in Canada. Samples of soils from difierent portions 
of Canada and the North-West. Director : Dr. Win. Saunders, F.R.S.C., 
Ottawa, Ontario. Maintained by the Dominion Government Territories, 
forming part of the Department of Agriculture. Collections of insects 
injurious and beneficial to vegetation. Botanical and entomological 
collections in charge of Dr. James Fletcher, Central Experimental Farm, 
Ottawa, Ontario. 

Q linen’s University Ilnsenniy Kingston^ Ontario . — Contains 22,700 
specimens, arranged and classified for the use of professors and students. 
Of these there are 3,600 minerals and rocks and 5,000 fossil organic 
remains, in all 8,600 geological specimens. The zoological collections, 
dhiefly mollusca and other invertebrata, number 3,146 specimens. Ento- 
mological and ethnological collections defective. 

The herbarium is an excellent one, and contains 9, 135 sheets of 
Phanerogamia and Cryptogamia of Canada and other countries. Type 
specimen : Large slab showing tracks of Sauropns vngiiifer., Dawson, 
from the Carboniferous rocks of Cumberland County, Nova Scotia. 

Special collection: The ‘Rev. Andrew Bell collection' of minerals, 
rocks, and fossils, consisting of 1,500 specimens. Curator : Rev. J. Fowler, 
M.A., F.R.8.O., Kingston, Ontario. 

Mil seam of the iScJiooI of Mining^ Kingston, Ontario . — The mineral 
collection consists of about 9,000 specimens, classilied as follows : — 
(1) Specimens to which students have access, 5,650 ; (2) specimens illus- 
trating physical mineralogy, 900; (3) mineral species, 2,120, specimens; 
(4) ores, i^c. 

The pahvontological collections consist of the Columbian Exposition 
collection sent to (diicago by the Geological Survey of Canada, and presented 
to the Ontario School of Mining, together with a number of specimens of 
Ontario paheozoic fossils. Curator : Professor W. G. Miller, M.A., Ph.D. 

Jiiologiral Mnseitni, University of Toronto, Toronto, Ontario . — Contains 
between 15,000 and 20,000 specimens, of which the geological department 
includes about 12,000 specimens, as follows : — 

Ft'rner collection of niinci.als .... C,000 specimens 

I’.il.L'ontdlogical collections ..... 1,000 ,, 

Rocks, &c ........ 2,000 ,, 

The zoological collections alone number 8,000 specimens, and include 
specimens of living and fossil representatives of the various classes and 
orders of the animal kingdom, as well as a large series of models for educa- 
tional purposes. There is also a good lierbarium, with collections of woods, 
models, Asc., all of which serve to illustrate the botanical department in 
the university. The ethnological department, established by the late Sir 
Daniel Wilson, contains a large collection of crania and implements. 

There are no types in the museum. Curators : Professor R. Ramsay 
Wright, M. A., Ph.D., Professor A. B. Macallum, M. A., C. J efiVey,Esq., M.A. 

Museum of the School of Practical Science, Toronto, Ontario . — Contains 
6,000 specimens, of which 3,292 belong to the geological department, and 
are divided as follows : — 

Minerals 1,215 specimens 

Rocks 1,647 

Fossil organic remains 400 „ 
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Besides the above there is also a students' collection of 1,000 species 
for reference, and 1,200 thin or microscopic sections of rocks. Economic 
minerals a speciality. Curator : Professor A. P. Coleman, M.A., Ph.D., 
University College, Toronto, Ontario. 

Mnsnun of Victoria University, Toronto, Ontario. — .*1,000 specimens 
are included in the geological collections (500 mineral specimens, 500 
rocks, and 2,000 specimens of fossil organic remains). There is also the 
‘ Taylor collection of archaiological remains ' from both the eastern and 
western hemispheres. Meteorite from near Victoria, N.W.T. Curator : 
Rev. N. Burwasli, D.D., Queen's Park, Toronto, Ontario. 

Ontario ArcJuvoloyical Museum, Toronto, Oa/nr/o.— Supported since 
1887 by an annual grant of ^1,000 from the Ontario Legislature. 
Excellent collection of stone and clay pipes, copper and iron, and 
stone implements and weapons from various portions of the province of 
Ontario, besides collections from United States mounds, from British 
Columbia, &c. The collections in all amount to about 20,000 pieces (not 
counting individual wampum beads, etc.), thousands of flints, hundreds of 
celts (plain and grooved), gouges, hundreds of bone and horn instruments, 
numerous clay vessels, 200 crania, 700 miscellaneous Aztec specimens, 
250 slate gorgets, 40 ‘ bird' amulets, besides clay vessels from Aztec and 
Pueblo mounds. 

The collection is neatly labelled and catalogued as to exact name of 
locality, name of donor, collector, and date. Curator : David Boyle, Esq., 
Ontario Archmological Museum, in connection with the Department of 
Education, Ontario. 

Canadian Institute Museum, Toronto, Ontario. — Supported by legisla- 
tive grant and membership fees. It is located at 58 Richmond Street 
East, Toronto. Established 1849 ; incorporated by Royal Charter, 1851. 
The specimens belonging to the old Natural History Society of Toronto- 
(now the Biological Section of the Institute) form part of the Canadian 
Institute Museum collections. The zoological collections comprise the 
following : — 

Birds (Canadian) 729 specimens 

Birds’ eggs (Canadian) 929 „ 

Jiirds (foreign) laO „ 

Mammals (>2 ,, 

Reptiles ........ 200 ,, 

Insects 2,000 „ 

There is also a small herbarium. Curator : James H. Fleming, 
Esq., Canadian Institute. 

Ila'niilton Association Museum, Hamilton, Contains 8,000 

specimens, arranged and classified, of which there are about 3,300 
geological, divided as follows : — Fossil organic remains, 2,500 ; minerals, 
800. Fine collection of the sponges and graptolites of the Niagara forma- 
tion, Canada. The herbarium contains 1,400 sheets, belonging chiefly to 
the local flora. Zoological collection defective, although some few and 
rare species are exhibited. Small collection of ethnological specimens 
from Canada and the South Sea Lslands. The Mrs. S. E. Carry collections 
of 3,000 specimens of shells, recent and fossil, and of Indian relics form 
part of the exhibits at present in the musuem — a loan collection. 
Secretary (pro-Curator), S. A. Morgan, B.A., 26 Erie Avenue, Hamilton,, 
Ontario. 

Ontario Agricultural College Museum, Guelph, Ontario. — Contains 
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about 5,000 specimens : Minerals, 230 ; rocks, a small collection ; fossils, 
05 j zoological collection miscellaneous, and divided as follows : — 


r.iuls . 




, 




31)8 specimens 

Reptiles 








. 13 „ 

Fishes 








. 38 „ 

IVIollusca 








. 102 „ 

Molluscoidoa 








3 „ 

Insects 








. 7(;7 „ 

Annuloida . 








. 13 „ 

Coclenterata 








. 11 „ 

Protozoa 



• 

In all 



1 „ 

. 1,122 


The botanical collections, comprising dried plants and seeds for agricul- 
tural purposes, European plants, ike., contain 1,008 specimens and 
samples, besides a fair collection of Canadian woods. 

Museum and college under the supervision of tlie Department of 
Education for Ontario, Dr. 8. P. May, Toronto, organiser of the museum, 
and J. Hoyes Panton, ollicer in charge, Ouelpli Agricultural College, 
Guelph, Ontario. 

Ento}tiolojic(d Society of Ontario^ London^ —Contains tlic 

leading collection of entomological specimens in Ontario. The Society 
has also a botanical and a geological section. Curators of the Museum : 
J. Mofiatt, Esq., Professor Dearness, and S. \yoolvertori, London, Ontario. 

Mui^cAL'ni of the Literary and Historical Society of Man'itoha^ Winnipeg ^ 
Manitoba. — Contains sc\eral thousand specimens. The natural history 
collection comprises the birds, mammals, and insect fauna of the province 
and the North-West Territories of Canada. Very fair collection of 
minerals, rocks, and fossils from various geological formations in ]\Iani- 
toba and the other provinces. Housed in special apartments in the City 
Hall of Winnipeg. Curator ; Charles N. Bell, Esq., City Hall, Winnipeg, 
Manitoba, Canada. 

Procincial Masenm^ Winnipeg^ Manitoba. — Contains several hundred 
specimens of fossils from the Trenton limestone of Manitoba, and from 
the Cretaceous shales of the North-West Territories. I^ocated in the 
Parliament Buildings, Winnipeg, and supported by a grant from the 
Provincial Legislature. 

liocky Mountain Park Museum., Alberta, — Supported by the 

Dominion Government. The majority of the specimens exhibited were 
sent from the Geological Survey Department and IMuseum at Ottawa. 
Contains interesting collections of the birds, plants, woods, ckc., of local 
interest to tourists and travellers. Illustrates the fauna and flora of the 
Rocky Mountain region of Canada. Superintendent : H. Douglas, Esq., 
Banff, Alberta, North-West Territories. 

Provincial Museiim, Victoria, Sritish Columbia * This is one of the 
best kept and most interesting collections in Canada. Upward of 11,000 
specimens arranged and classified for reference. Good collections of 
rocks, minerals, and fossils of British Columbia and other parts of Canada. 
The Newton H. Chittenden collections in ethnology of special value and 
interest. Zoological collections fairly complete. 

Typ es : Two type specimens of birds : (1) Melospiza Lincolnii, 
Brewster ; (2) Zaprora salivus, Jordan, from near Nanaimo, Gulf of 
Georgia, British Columbia. Curator ; John Fannin, Esq., P.O. Box 471, 
Victoria, British Columbia. 



72 


REPOllT 1897. 


Notes on Puivate Collections in Canada. 


1 I)i. A. H. Mackay . 

2 Andrew Downs, Esq. 
d Jlany Austin, Esq. . 

4. T. J. Egan, Esq. 

5. The Lawson Herba- 

rium. 


(). Dr John Somers 
7. Dr. Lindsay 


8 Dr. Lucien Allison . 
9. S I) Scott, Esq 
10 G. U. Hay, Esq., 
F 11 S C. 

11. A Gordon Leavitt, Esq 

12. d. S. Maclarcii, Esq.. 
1.4 Di. G. F. Matthew, 

F R.S.C. 


14. Dr. T. J. W. Durgess, 
F.ll.S.C. 


15. Sir Wm. Van Home, 
K (' M.G. 

IG. Rev Robert Campbell, 
D D. 

17 Harold B. Cushing, 
B.A. 

18. Dr. B. J. Hariington 


19 W. Hague Harring- 
toi', Esq., F'.R.S.C. 


20. Dr James Fletcher, 
F.L.S., E.R.S.C. 


Halifax^ Kova Scotia. 

Good reference collections in botany and zoology. Special 
collection of Canadian Spongilhc; also micro-organi.snis. 
Ornithological collection. 

C Dartmouth) Ornithological collection. 

(Dalhousie University) Ornithology. 

Containing the extensive series of mounted and dried 
plants of Nova Scotia and other paits of Canada, with 
special reference to the Ranunculacefc and Filices of 
the whole Dominion. 

Herbal ium. 

Herbarium. 

St. John^ New Brunsivick. 

St. John and New Brunswick Diatomacca) 

Numismatic collection. 

New Brunswick and general Canadian plants. 

Collection of native birds for rrference. 

Numismatic collection, collection of medals, clasps, &o 
Best collection of St. John group fo.^^-iL rala?ozoic 
fossils from maritime provinces and otlu'r part.s of 
Canada Numerous types of species of fossil ]dants, 
sponges, mollusca, insecta, trilobita, ^kc , from vaiious 
horizons (Cambrian, Ordovician, Silurian, and Devonian) 
in tlie Falaiozoic of New Brunswick ; European fossils ; 
.also recent plants and marine invertebrates. 

Montreal^ Quebec. 

Herbarium contains about 15,000 sheets Exccdlent and 
very complete collection of Canadian flowering plants, 
irududing North-West TcrriLoiy and Itocky Mountain 
flora, 2,509 species. Ontario collection very complete. 
Canadian vascular cryptogamic plants, 7,000 .sheets, 
Extensive collection of fossil organic remains from Canada, 
the United States, and Europe 
Herbarium containing plants representing tlora of Mon- 
treal I.sland, Munay Bay, and other portions of the 
Province of Quebec 

Complete collection of the ferns of the island of Montreal. 
Fair collection of Phanerogamia of Montreal Island and 
vicinity. 

Cabinets of mincral.s from Canada and the United Slates 
for reference collection. Type specimens, daw.sonitc, 
cliemawinitc, kx.. 

Oitaway Ontario. 

Very comjilete collection of Ottawa Coleoptcra and Hymen- 
o]>tera ; also Spiders and Proctotrypid:e. Contains 
numerous types of spccie.s new to science. Also collec- 
tion of Canadian flowering plants. 

Specimens illustrating his ‘Ottawa Flora’ or ‘ Flora Otta- 
waensis ’ as published in the ‘ Transactions of the 
Ottawa Field Naturalists’ Club.’ Botanical collections 
from nearly all parts of the Dominion and olscwhere. 
Also extensive collections of insects injurious and 
beneficial to vegetation, &c. Excellept collection of 
Lepidoptera. 
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21. Walter R. Billings, 

22 W L Scott, Esq , 
R A. 

2,‘i. CTeor;ie K. White, 

i-:s(j 

21. Eiank 11. Latchl'ord, 
, 13 A. 


25 ])i 11. Beaumont 

^mali 

20. R. R. Whyte, Esq. . 


27. Waller E Ferrier, 
Esq , F.G.S. 

28 1)1 II M Ami. 


21) J Bill r 'I'yrrell, Esq , 
A , IJ.Sc , F.a S. 

.‘R) W .1 Wilson, E.sq , 
B Sc 

Joseph Tuwscnd, Esq. 


32. T. W. E Softer, Esq. 


33 Kcv J M Goodwillie, 
M A 


3J. h’c\ I’lofes.sor James 
I'dwlei, M.A, 
K R S (h 

3.5. W G Kidd, Esq, 
M A. 


30. Rev. W. G. Young, 
ALA. 


Very complete collection of Ordovician fos.sil.s from the 
Ottawa Valley, including those from Paquette’s Rapids, 
Hull, and Ottawa City and vicinity. 

Excellent collection of birds and birds’ eggs of Ottawa 
and vicinity. 

Excellent collection of mounted birds and birds’ skins for 
reference in Ottawa district. 

Collection of Ottawa Unionidae contains T/nio borealis, 
A. E. Gray, a type from the Ottawa River dc.scribed from 
Mr. Latchford’s collection. Also large series of Ohio 
and We.stern Ontario as well as other Canadian 
shells. 

Good collection of the flowering plants about Ottawa and 
vicinity. 

Excellent reference collection of the flora of Ottawa and 
vicinity. Perth specimens. Species of rare occurrence 
in the collection. 

Excellent collection of Canadian minerals. Also foreign 
type and other minerals. Collection of rocks — litho- 
logical. Canadian fossil organic remains. 

Fair collection of Ottawa and general Canadian flowering 
plants. Foreign and donu'Stic sliells Collection of 
Canadian ethnological specimeus. Utica fossils from 
Ottawa and vicinity. 

Collection of Canadian Acaridie and Arachnidie. Con- 
tains types described by G Haller, A. Poppe, F. Kcenicke, 
J. H. Emerton, J. W. Pcckliam, and J. B. Tyrrell. 

Choice collection of Devonian fossil plants from the ‘ fern- 
ledges’ of Lancaster Co, New Brunswick. Also two 
co-types of fossil insects described by Dr. G. F. Matthew. 

I’aheontological collections 3,000 Guelph fossils; 1,000 
Ordovician fossils from Trenton, Utica, and Lorraine of 
Ontario ; 500 Niagara corals and other fossils ; 400 pre- 
Glacial plants and shells. 

(Aylmer, Quebec.) Collection of Chazy fo.ssils from 
Aylmer and vicinity. Fair collections of Trenton and 
Black River fossils from the Ottawa Paheozoic Basin. 
Mr. Sowter’s collections of Ordovician fossils include 
more than 2,000 specimens. 


Vernon, Ontario. 

Collection of archneological remains from Ontario ; also 
Hamilton group, Niagara, Clinton, and Black River 
fossils from various districts in Ontario 


Kingston, Ontario. 

Large herbaiium, consisting of 1 1,731 sheets, representing 
flora of New J3runswick very completely, and that pf 
other parts of British North Amciica very well, besides 
foreign specimens. 

\c\y good collection of the minenils of Ontario. This 
collection was exhibited at the World’s Fair, Chicago, 
in 1893 as part of the Province of Ontario exhibit. 


Lansdowne, Ontario. 

Ornithological and Oological collection. 
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37. B. E. Walker, Esq., 
F.G.S. 


38. James H. Fleming, 

Ksq. 

39. Hon. G. W. Allan . 


40. A. E Walker, Esq. . 

41. A. T. Neill, Esq. 

42. Col. C. C. Grant 


43. Thomas ^Mcllwraitli, 

Esq. 

44. A. Alexander, Esq . 


45. Jonathan Pettit, 
Esq. 


46. Eev, Hector Currie, 
M.A. 


47. Eev. W. Mintern 
Seaborn, M.A. 


48. — Willing, Esq. 


49. Dr. C. F. Newcombe. 


50. Rev. G. W. Taylor, 
M.A., F.K.S.C. 


61 John Fannin, Esq. , 


Toronto^ Ontario, 

Extensive and choice collection of Canadian, Niagara, 
Hamilton group and Ordovician fossils. Also fine col- 
lection of British and United States fossils. Unde- 
flcribed Stromatoporoids. 

2,000 bird-skins, including 600 species, nearly all Canadian 
birds. Also mounted birds from Canada and some 
foreign birds. 

Collection of native (Canadian) birds. 

Hamilton^ Ontario. 

Collections of local fossils, including rare and undcscribed 
fossil sponges from Silurian of the district. 

Collections of fossils and minerals from Canada, ranging 
from tlie Laurentian to the Cretaceous. 

Collection of Medina, Clinton, and Niagara fossils, 
graptolitcs and sponges a speciality. Also few Indian 
relics. 

Complete collection of Canadian birds ; also many foreign 
species. 

Botanical collection, local fiora. Also Georgian Bay 
plants. 

Grimshy, Ontario. 

Excellent collection of Niagara (Silurian) fossils, contain- 
ing good crinoidea, &c. 

Thedford^ Ontario. 

Very complete collection of Hamilton group fossils from 
Thedford (Widder), Bartlett's mills, Ac., in Lambton 
County, Ontario. 

London^ Ontario. 

Collection of Devonian fossils, chiefly corals from Western 
Ontario. 

Olds, N. W.T. 

Entomological collection, North-West noctuids. Type 
specimens and undcscribed specimens in collection 


Victoria, British Columbia. 

Excellent collection of Cretaceous and Tertiary fossils 
from British Columbia, Ac. Numerous undcscribed 
forms, including decapod Crustacea. 

Canadian and British mollusca. Large and important 
refeience collection of Western (especially) as well as 
Eastern recent shells (Nanaimo, B.C ). 

General collection of fossil organic remains, from the 
Cretaceous and Tertiary of Vancouver and other 
islands, and recent natural history specimens from 
Biitish Columbia (Victoria, B.C.). 
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Wave-le)igt]i Ttthles of the Sjjedra of the JElements and Compounds . — 
Report of the Committee.^ consisting of Sir H. E. RoscoE {Chairman)y. 
TJr. Marspiall kty:^ {Secretary), Sir J. N. Lockyer, Professors 
J. Dewar, G. D. Liveing, A. Schuster, W, N. Hartley, and 
Wolcott Gibbs, and Captain Abney. {Drawn up hy Dr. Watts.) 

Cobalt. 

Hasselberg ; ‘Kongl. Svenska Vetcnskaps-Akadem. Ilandl./ Bd. 28, No. G, 189G. 
Exner and Ilaschek : ‘ Sitzbcr. kaiscrl. Akad. Wihsenscli. Wien,’ cv. (2), 1896. 


Wave- 
length 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduel 

Vaci 

\ + 

li 

Oscillation 
Frequency 
m Vacuo 

*5.531 OG 

7 


1-51 

4-9 

18074 8 

5525-27 

5 




18093-7 

*5521 21 

2 




18097-1 

*5523 56 

G 




18099 4 

55)6 -29 

.3 




18123 1 

5195-94 

4 


1-50 

60 

18190-2 

5489 90 

G 




18210 3 

*5488-.38 

3 




18215 3 

*5184-22 

G 




18229 1 

*5183-57 

8 

5483 70 Tliiilcn 



18231 3 

5477-37 

4 




18251 9 

*5177*13 

C 




18252-7 

5470-73 

4 


1-49 


18274 1 

51 G9 55 

4 




18278 0 

*5454-79 

7 




18327-6 

6453 G1 

2 

5453-30 „ 

>» 


18331-5 

5152 53 

3 




18336-1 

*5444-81 

7 

5414-30 „ 



18361-1 

*5437 25 

4 


1-48 


18390-0 

5431-30 

3 


>> 


1840G 8 

5427-59 

2 




18419-4 

5427 41 

2 




18420 0 

5427-01 

2 




18421-7 

5125-87 

3 


yy 


18425-2 

5408-37 

3 




18485 0 

5107 75 1 

5 


yt 


18487 0 

*5402-24 

4 




18505 8 

5100 03 

3 




18513-4 

5394 02 

2 



5-1 

18534-3 

5391-01 

2 




18544 3 

♦5390 71 

3 




18645 3 

*5381 99 

6 


}$ 


18675 4 

*5381-31 

4 


19 


18577-7 

*5377-99 

2 i 




18689-2 

5374 21 

2 



yy 

18602-3 

*5370-60 

«> 


yi 

yy 

18614 8 


* Coincident with a solar line, 
t Solar line double, Co and Mn (Co > Mn). 
t Observed also by Exner and Haschek in the spark spectrum. 
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W ave- 
length 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

A + 

1 

a"" 

*6369 79tt 

63 

6369 25 ThaRn 

1-47 

5-1 

18617-6 

6369 13 

3 




18619-9 

6366-97 

3 




18G27-4 

*6362-97 

6 

6363-75 „ 

1-46 


18641-3 

*5369-41 

2 

6360-75 



18G53-7 

*6359-16 

2 


u 

If 

18654-5 

6353 69§ 

3 

6353-66 „ 


t) 

18673-G 

*5352-22 

5 

5352-45 „ 


,, 

18678-7 

6349 29 

4 




18689-3 

6347 68 

4 



n 

18694-6 

6344-79 

3 




18704-7 

*5343 68 

6 

6343 85 „ 



18708 9 

*6342-86 

8 

6343-35 „ 



18711-6 

6341-63 

6s 




18716-1 

6339 71 

4 




18723 5 

5337-66 

2 




18729-9 

6336 36 

3 




18734 2 

^6336 06 

4 double 




18738 8 

*5333-85 

4 




18743 0 

*5332 85 

4 




18740-6 

*6331 65 

6s 




18750-8 

6326 49 

3 




1 8769 0 

5326-16 1 

4 




18770-2 

*5325-44 

6 


1-45 


18772 7 

5321-95 

3 




18785 0 

*6316-96ttt 

6 




18802 G 

*6312-84 

5 



M 

18817 2 

5310 47 

3 


ti 

♦ 1 

18H25 G 

6301 24 

63 



6 2 

18868 3 

5292-46 

2 




18889-6 

6288 02 

3 




18905 6 

5287-78 

3 




18906 3 

♦5283 68 

3 



II 

18921-1 

*6280 83 

6 

6280-69 


II 

18931-1 

6276 38 

5 




18947-2 

6268 72 

5s 

6268-79 



18974 7 

*5266-71 

6 

6266-79 

144 


18982 2 

*5266 61 

G 




18982 7 

*6266-00 





18984 5 

*5267 81 

5 




19014-1 

5254 83 

4 




19024 9 

5250 21 

4 


1-43 


190116 

*6248-12 

5 




19049 2 

6237-32 

2 




19088-5 

*5235-37 

5s 

6236-49 



19095-6 

*6230 38 

69 

6231-09 



19113 9 

5222-71 

3 




19141-9 

5219 28 

2 




19164-7 

*6218 42 

4 


I 


19167-7 

*5212 87 

6s 

6213-09 

1 1-42 

- 

19178 1 


§ Solar line double 

ttt Solar line double j 1 the corona line. 


+t 


Titanium 6369-81. 
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VV ave- 

Intonsity 

(Rowland) and 

Arc Spectrum Character 

*5211 03 2 

6210-23 3s 

*5176 27 6s 

6172 49 4n 

5166 30 4 

*5165 32 4 

6169 03 4n 

5158 61 4n 

5156 53 6 

6155 01 3 

*5164 26 5 

*5153 43 3 

*5150 03 4 

*5149-3211 3 

*5116-96 6 

*5145 73 4n 

♦5142-65 3 

6133 65 6s 

*5126 37 6s 

5125 88 5 

5124 99 3 

*5123 01 5 

*5113 41 5 

*5109-03 .5 

*5108-55 2 

*5105 73 4 

5100 30 3 

*5095 18 5 

5088 OH 3 

5077-64 3 

5035-16 2 

5034-24 3 

5033-55 2 

*5022-37 3 

5007-49 3 

*4993 27 3 

4988 15§ 5 

4986 69 3 

4980 16 5 

4974-76 3 

4972-16 5 

4971-22 3 

♦1968 09 3n 

*4967-72 2 

4966-77 5 

4959-89 2 

*4953-37 4 

4948-77 3 

4942-56 2 

4941-63 2 

4936-61 3 

4935-40 2 

4933-08 3 


Previous Observations 
(Rowland) 


Roduchon to 
Vacuum 



Ohcillatjon 
Fi (‘(jiH'urv 
m V^neuo 


19184-7 
19187-6 
19313 6 
19328-7 
19350-9 
19354-6 
19378-2 
19379-8 
19386 8 
19393-2 
19396-1 
19399-3 
19412 1 
19414 7 
19 423 6 
19428 2 
19139-9 
19474 0 
19501-7 
19504-5 
19506 9 
19514-5 
19551 0 
19567 6 
19569 6 
19580 4 
19601-3 
19621-0 
19018 4 
19688 8 
19854 9 
19858 6 
19861-3 
19905-4 
19964-6 
20022-3 
20042 0 
20047 9 
20074 2 
20096-0 
20106 5 
20110-3 
20123-0 
20124-6 
20128 3 
2015G-2 
20182 8 
20201-9 
20226 8 
20231-0 
20261-2 
20266 2 
20265-7 






II Also Mn. 


§ Double. 
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Wave- 
length 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Howland) 

Reduc 

Vac 

\ + 

tion to 
uum 

1 

a“ 

Oscillation 
Frequency 
in Vacuo 

♦4928-4811 

6 


135 

5-6 

202816 

4925-20 

3 


f» 


20298 2 

4920-47 

4 


tf 

II 

20317-6 

♦4912-62 

3 


1-34 

II 

20350-1 

4908-68 

3 


»* 

II 

20366-5 

4907 78 

2 



If 

20370-2 

4907-30 

2 


II 

»> 

20372-2 

4904-37 

6 


*1 

II 

20381-4 

4899-72 

6 




20403-7 

4897-36 

4 





20413-6 

♦4887-19 

4 




20472-8 

4882-90 

6 


*> 


20474-0 

4880-43 

2 


>* 


20484-4 

4878-63 

3 


1-33 


20492-4 

♦4869-59 

4 


II 


20630-0 

♦4868-05 

10 

4867-90 ThaU*n 



20536-4 

4863-64 

3 




20655-1 

4862-29 

3 


II 


20560 1 

*4855-86 

2 



5-7 

20587-9 

4865-40 

3 




20589-9 

♦4843-61 

6 




20640-1 

♦4840-42^ 

9 

4839-90 „ 

1-32 

II 

20653-7 

♦4818-13 

3 



II 

20749-2 

♦4816-11 

4 




20757 9 

4814-16 

6 



♦ 1 

20766 4 

♦4813-67 

9 


II 


20768-5 

4798-01 

3 


1-31 


20836-3 

1 1797-93 

3 


»> 

II 

20836-6 

4796-46 

4 


11 

11 

20843-0 

4796 00 

6 


l» 

)t 

20846-0 

♦4793 03 

8 

4792-64 

II 

II 

20857-9 

4785-26 

6 


II 

11 

20891-8 

4782 76 

3 


If 

II 

20902-7 

4781-62 

6 


11 

5-S 

20907-9 

♦4780 14 

8 

4779 54 

11 


20914-1 

*4778-42 

1 ^ 


11 


20921-6 

*4776-49 

' 7 


II 

II 

20930-1 

*4771-27 

7 


II 

11 

20957-1 

*4768-26 

6 


11 

11 

20966-2 

4767 33 

5 




2()97()-3 

4766-93 

4 


1-30 


21016-2 

*4754-69 

6 



1 I 

1 21026-5 

*4749 89 

9 

4719-31 „ 


II 

1 21017 3 

4746 31 

4 




I 21063 2 

4742 76 

2 




1 21079 0 

4742-40 

2 



I 21080-6 

4738 34 

2 




21008-6 

4737-95 

5 




21100-4 

4735-04 

6 




21113-3 

4732-25 

3 




21125-8 

4728-14 

6 


1-29 

5 9 

21144-1 

4727 95 

3 


M 

M 

21114 9 


1} ^ee Titanium, § Solar line double | 4840‘42 { 


4814-10 
4814 35 
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Wave- 
length 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Obeervations 
(Rowland) 

Roduct 

Vaci 

\ + 

ion to 
lum 

1_ 

A 

Oscillation 
Frequency 
in Vacuo 

4725-44 

2 


1-29 

5-9 

21156-1 

4721-61 

3 




21173-3 

*4718-67 

5 



»» 

21186-9 

4704-57 

3 




21250-0 

4699-35 

4 




21273-6 

*4698-60 

6 




21277-0 

*4697-19 

3 




21283-4 

J4693-37 

7 



»» 

21300-7 

4688-68 

3 


1-28 


21322-1 

4686-05 

3 




. 21334-0 

J*4682-53 

8 




21350-1 

4680-62 

3 




21358-8 

4677-73 

3 




21372-0 

4677-46 

3 




21373-3 

4676-91 

3 



yf 

21375-7 

4668 04 

3 




21416-4 

^4663-58 

8 



yy 

21436-9 

*4657-56 

5 




2]464'6 

4655 01 

4 


1-27 


21476-3 

4653-93 

3 




21481-3 

4652-01 

3 




21490-2 

^4651-28 

3 




21493 6 

*4645-3411 

3 




21521-5 

*1644-48 

5 




21525-0 

4643-92 

4 




21527*6 

4640-99 

3 




21541-6 

t*4629-47|l 

9 



6-0 

21594 8 

4629-05 

4 


»» 


21596-7 

J4625-88 

6 



*» 

21611-5 

4624-70 

3 



>» 

21617-0 

14623-15 

5 


,, 


21621-3 

4622-83 

3 



,, 

21625-9 

4620-96 

3 




21631-5 

4614-18§ 

4 


1 26 


21066-3 

4612-57 

2ii 




21673-9 

4609-08 

3 



»» 

21690-3 

♦4607-46 

4 




21697-9 

4601-31 

4 



n 

21726-9 

J*4597-02 

8 




21717-2 

t*4594-75 

8 




21758-0 

*1588-86 

4s 




21785-9 

4587-08 

3s 




21794-4 

1 1581-76§ 

10 

4581-75 Thalen 



21819-7 

4580-32 

5 


1-25 


21826 5 

4575-12 

3 




21851-4 

4573-75 

2 



»i 

21857 9 

:{;4570-18 

6 


>> 


21875-0 

4566-77 

5 


>> 

>» 

21891-3 

J4565-74 

9 


>> 


21896-2 

4564-98 

3 




21899*9 

4564-35 

4s 



6-1 

21902 8 

4564-13 

3 




21903-9 

4562-11 

3 




21913-0 


II See Titanium. 


§ solar line double 
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REPORT — 1897. 

Cobalt — continued. 


Wave- 

leru^th 

Intensity 

(Rowland) 
Aic Spectrum 

Chaiacter 

4553 51 
{*4549-80^[ 

1 

! 8 

4547-06 
*4516 14 

1 3 

5 

{4515-42 

4 

{*4513 99 

7 

4540 96 
{*4534 18 

3 

8 i 

{♦4531-1 1 

10 : 

{4528-12 

{4526-94 

6 

d 1 

*4525-97 

3 ; 

*4524 88 

3 

4519-42 

4n 

*4517 28 

7 

*4514 33 

5 

4500-71 

1 2 

4199-45 

' 2 

{4194 92 

1 5s 

4492 23 
4490-46 
4186 89 

1 3 

3 

4s 

4184 65 

Is 

{*4484 07 

5 s 

4183 70 

oil 

{*4178-45 

6 

4477-36 

3n , 


Previous Observations 

(IvowlumJ) 


t447Pim 
{4471-70 
J*44C0 72 
{*44(57 04 
:{:4445 8S 
{4145 21 
4412-13 
*4438-05 
*4436-37 
J4431-T8 
4421-48 
^:4417-rK> 
*4416-63 
:j:*4402 85 
*4395 99 
■|*4392 02 
{♦4391-70 
{*4388 02 
{*4380 26 
♦1379-3711 
:}:4376 70 
^*437509 
*4374-66 
i*4373-77 
{4371-27 


1 
(5 
8 
7 
6 
4 

2 
2 

3 

4 
5s 
() 
?, 
4 
4 


(in 

3 

4 

5 

3 

6 
6 


4531-45 Thal6n 


lieduction to 
Vacuiun 


A + 


24 


1 2 : 


! 1 


I 1 


i (i 


22 


63 


Oscillation 
Fl< qiKMicy 
in Vacuo 


21955 0 
21972 9 
21986 1 
21990 6 
2199 11 
22001 0 
22015-7 
22018-3 
22063 1 
22078-1 
22083, 9 
22089 9 
22093 9 
22119-6 
22131-1 
22115 6 
22212 6 
22218 8 
22211-1 
22251 5 
22263 2 
22281-0 
22292-1 
22294 5 
22296 8 
22322-9 
22328 4 

22355 4 

22356 7 
223>(56 6 
223>80-0 
22186-5 
22489 9 
22505 5 
22526 2 
22531 7 
22558 0 
2-2611 6 
22630 7 
22635 4 
2-2706 3 
22741-7 

22762 3 

22763 9 
2278:i-() 
22823 4 
22828-0 
22847-2 
22850-4 
22852 6 
22857-3 
22870 3 


^ Solar line double | ^ Titanium line at 4549-79. 

II Perhaps due to Vanadium. 



ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 81 
Cobalt-- continued. 


Wave- 
leii'j.th 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Pievious Observations 
(Rowland) 

Reduc 

Vac 

A + 

tion to 
uum 

1_ 

A 

Oscillation 
Frefjucncy 
in Vacuo 

4H()G 37 

3 


120 

6-4 

22895-9 

43G2-11 

2 



M 

22918-3 

^4361 *20 

2 



99 

22923-1 

* 1360-98 

3 



99 

22924 2 

*43r)9 60 

3 



19 

22931 5 

^4 357-33 

2 



9t 

22943-4 

*4367-05 

4 




22944-9 

♦4353-96 

3 


1 19 

9f 

22961-2 

4340 39 

2 



99 

23033-0 

^4339-76 

6 



• 9 

23036-3 

4331 38 

5 



i» 

23080 9 

♦4320-53 

3n 



99 

23138-9 

4310 24 

2 


1 18 

f> 

23191 2 

$♦4300 54 

4 


,, 

19 

23197 9 

$4307-57 

4 

„ 

6 5 

23208 4 

$♦4303 36 

.5 

,, 

„ . 23231 2 

4298-14 

3n 



,, 

23259 4 

$*1292 41 

4n 

! 

j, 

23290 4 

$♦4285-93 

58 


23325 7 

♦4276 25 

4 

! 1 17 ! „ 

23378-5 

4270 58 

3 

! M 1 M 

23409 5 

$1268 59 

4 

i M ' M 

23420 4 

4268 18 

3 

1 „ 


23422 7 

$1263 92 

3 



23446 1 

*4260 05 

3 


„ ; 23467-4 

$*4252 47 

6 


6 6 

23509 1 

$4248 37 

,3 

! ,, 

„ ! 23531-8 

$4245 76 

3n 

1 >. 

„ 1 23546 3 

42 42 06 

4 

, 1-lG 

,, 1 23566-9 

*1241-69 

4 

I ,, 

„ , 23568 9 

*4238 63 

3 

1 

23585 9 

*1237 54 

3 

! 1 „ 

23592 0 

$♦4234-18 

5 



23610 7 

*1230 15 

2 


.. ' „ 

23633 2 

$*4225-28 

3 


„ i M 

23660 5 

$*4215-03 

2 



23718 0 

$4210 26 

2 


n 1 »t 

23744 9 

$4207 77 

.3 


„ i 

23759 0 

4198 58 

3 


1 15 

6 7 

23811 0 

4198 01 

2 




2381 1 2 

♦4193 01 

2 



23842-6 

$*4190 87 

i 



23854-7 

$*4187-44 

4 



23874-2 

$4171-02 

4 


91 

23968 2 

$4162 33 

6 

1-14 

,, 

24018-3 

$*4158 58 

5 

,, 

99 

24040 0 

$•4150 59 

4 

9? 

,, 

24086 3 

t4139 58 

4 



G 8 

24150 2 

$4122-42 

4 


1 13 

„ 

24250-8 

$*4121-47 

9 




24256-4 

$*4118-92§ 

9 


,, 

,, 

24271-4 

$M1 10-69 

8 


M 


24320-0 


§ Soiar line double 


14118 02 Co. 
1 4110-02 


1897 . 


G 
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REPORT — 1897 , 


C o B A LT — contimu’d. 


Reduction to 


Wave- 

(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Vacuum 

Oscillation 
Frequency 
m Vacuo 

A + 

1_ 

A 

4110 21 

4 


1*13 

6-8 

24.322-9 

4109 83 

2 


>> 

tf 

24325-1 

4104*89 

4 



t* 

24351-4 

*4104 57 

4s 



♦> 

24356 3 

4097*37 

4 


ff 

6-9 

24399 0 

4 09 G 08 

4 



99 

2 1406 7 

*4093 20 

4 


1*12 

99 

2 1423 9 

*4092-98 

4 



99 

24425-2 

J*1092*65§ 

8 



99 

21427 7 

J*4086*47 

7 



99 

24461-1 

*1085 74 

3 




24468 5 

*4084-28 

3 



99 

21477-2 

;*4082 7G 

5 



99 

24486 3 

4081-6.3 

3 


>> 

99 

24493-1 

t*4077-55 

6 




24517*6 

4076 74 

4 


>> 

W 

24522 5 

4076*28 

6s 



99 

24525 3 

4069*70 

3 



99 

24561 9 

72 

Gs 


n 

19 

24570 8 

J*4066-52 

6s 



99 

24584-1 

J*4058-75 

6s 



99 

24631*2 

*4058-36 

53 


>> 

99 

2163.3*6 

^4057-36 

4s 


tf 

99 

246.39*7 

:t4057*10 

4 


>> 


216112 

J4054 08 

4 


1*11 

99 

21650 6 

J*4053 08 

6 



99 

24665-7 

^4049 43 

3 


>> 

70 

24687 8 

^*4045 .53 

8 




21711 6 

♦4040-96 

4 




24739*6 

♦1040 76 ’ 

3 


»> 

24740-8 

J4035 73 

7 



99 

21771-7 

t*4027 21 

6 


tf 

99 

24.S21 1 

J^4()23 54 

3 


tf 

99 

24846 7 

J*102l-05 

7 



99 

21862 1 

J*4019 47 

4 



99 

24871 9 

J*4014*12 

4 


1*10 

99 

24905-1 

t*1011-08 

2 



99 

2492:1 9 

J*3998-04 

8 

3997*94 L. Sc D. 


7-1 

25005 1 

*3995-45§tt 

9 

3995 33 

>» 

99 

25021 4 

*3991 65 

3 


99 

99 

25026 4 

J*3991 82 

4 

.3992*04 

99 

99 

25044 1 

3991-69 

4 


9 9 

99 

2504 1 9 

t.3990-46 

4 

3990*81 

99 

99 

25052 7 

t3987-26 

4 

3987*74 

99 

99 

25072 8 

t*3979-65 

6 

3979*34 

>> 

99 

25120 7 

3979*03 

3n 


99 

99 

25121 6 

^♦3978*80 

6 


99 

99 

25126 1 

13977*36 

3 


99 

99 

25i:i5 2 

i3975-48 

3 


1-09 

99 

25147 1 


it Exner and Haschck’s numbers: 3995*52. 

. c , ,, r 4092-45. r3995-45G. 

S Solar hne double 1 4092-66 Co. 13995-36. 
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Cobalt — continued, 





Reduction to 


length 

Intensity 

Previous Observations 

Vacuum 

Oscillation 

(Ruwlaudl 
Arc Spectrum 

and 

Character 

( Rowland) 

A + 

1 

in Vacuo 

t»^3974 87 

6 

3974*74 L. & D. 

1 09 

7*1 

25450*9 

t*3973 29 

3 




25164 0 

J3972-66 

4 




25464 9 

:|:39(;9*25 

5 

3969*44 „ 



25486 <> 1 

^39(51*14 

4 




2.5238*2 

^*3958 06 

G 

3958*34 „ 



25257 8 

".3957 79 

2 




25259 5 

+ 39.33-05 

7 

3953*04 


7 2 

25289 7 1 

i-.3952*47 

4 



„ i 2529.3 4 

^"“39 17*28 

3 



„ 25326 7 

.{:+3!)45 47 

6 

3945*63 

,, 

„ 25338-3 

+".3941 87 

6 

3944 63 „ 


„ ’ 25361 5 

^^3941 01 

5 



25367*0 

++39:i6*12§ 

8 

3936 13 

1 08 

„ 25398 5 

[:*.}934 05 

4 




25411 9 1 

[.3933 32 

2 




25116 6 

$3929 42 

4 




2.5141 8 

[•3925 32 

3 




25468 4 i 

[;*3922 88 

5s 




25484*3 ; 

3921*24 

3 




25494 9 1 

+ ^3920 89^1^ 

4s 




25497*2 

1 +3920 28‘ " 

4 



yy 

25501 2 

1 :i919 79 

3 



yy 

25504 4 

t*59l7 26 

5 

3916 83 „ 

19 


2.5520-8 

!:+3915 66 1 

2 


yy 


25531 .3 

, +'3in0 08§ 1 

7 

3909*63 



25567 7 

' [:»3906 42 

6 

3905*83 


7 3 

25591 6 

["3904 20 1 

-4 




25606-1 

' +^•5898 C4§ 1 

4 


yy 


25642-7 

++3895 12 

7 

3994*93 

1 07 


25665 8 

' "'3894*2l[;[: 

lOnr 

3994 03 „ 


17 

25671 8 

‘ 3893 44 

:i 



yy 

25676 9 

1 [^'3893 19 ! 

2s 




25678 6 

[3892 26 

3 




25684*7 

+3891 83 ! 

3 




25687 6 

[•+3885 40 

4s 


yy 


25730*1 

.t"‘3884 76 1 

5 

3884 63 



2573-1 3 

-;-3S82 01§ , 

7 

3881 63 



25752 1 

['“3881 18 

3 


i 


25758 1 

: [“3880 54 

3 


71 * 


25762*3 

i [+3876*99 

6 

3876*72 

i 

»» 


25785-9 

! +.3874*10[[ 

7n 

3873 82 

>5 

yy 

25805 1 

' +3873 25[[ 

9n 

3873 02 


77 

25810 9 

1 [+3870 65 

4s 




25828 2 

+3866 92 

2 




25853-1 

1 [3863 72 

3 




25874-5 


f Vt\ 

§§ Solar line triple- Co. 

L 3920-75 Fe. 

tt Exncr and Haschek’s nnmbers: 3894-13, 3874*05, 3873*17. 


„ c 1 . r 1 [3936-12 Co. I 3882-12 / 3910 08 Co | 3898*65 Co. 

§ Solar hnc double | | 3882*04 Co \ 3909 98 Fe 1 3898*55, 


G2 
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REPORT — 1897. 
Cobalt — conii micd. 




' 

Reduction to j 

Wavc- 

fth 

Intensity 

Previous Observations 

Vacuum 

(Ron nd) 

and 

Character 

(Rowland) 


1 1 

Arc Spectrum 


A + 

A j 

J*:i86l-29 

6 

3861-12 L. & D. 

1-07 

7-3 ! 

■•8860 55 II 

4 




^3856 93 

4a 


106 

” 1 

f*3851-97 

4 


,, 


^3851-09 

63 


M 

,, 

3850-24 

*3845 

3 

9 nr 

3815 42 

M 

n 

1 

:{;*3843 90 

4 



„ i 

*3842 20H 

7n 

3842 02 


„ i 

^*3841-60 

4s 



” 1 

:}::i836-04 

$3835-82 

3 

3 



.. ! 

$*3833 02 

3 



i 

$3820 02 
$3818 08 

4 



< 4 , 

1’ i 

$3817-02 

4 




$*3816-58 

5 

3816-31 

1 05 


$*3816 46, 

T) 

3815-72 


91 1 

$3814 58 

4 



.. 

$*3812-.57 

■3 


»? 

M 

$*3811-]6 

$*3808-24 

3 

i 4 

3807 91 „ 


” 

$*3805-90 

, 

1 

,, 


$3777-65 

4 

f 3777 60 

,, 


$3774-72 

4 

3774-60 

104 

1 ^ 

$3760-62 
$3769 83 

3 

1 

i ” 

1 ” 


$*3765-69 

6 s 

i 

” 

1 ** 

$3764 50 
$3752 95 

3 

2 

! 3754 50 

1 

I 

1 ” 

1 

»♦ 

$*3751 75 

4 


! 

” 

$*3760 06 

6 




$3745 61 

7 

3746-40 


„ 

3740 31 

4 


1 ” 

,, 

$*3736 :50 

5 

3735-80 

1-03 


$*3734 ;i0 

6 s 


», 

” I 

$*3733 62 

6 

3733 40 

»» 

- I 

$*3732-62f 

t; 



,, 1 

$*3731-42 

2 


.. 


$*3730-61 §§ 

' 5 

3730 40 

1. 

,, 

$*3726 80 
$*3712 31 
$*3711 80 

! 9 

! ^ 

; 3 

3712 20 

M 

»» 

»» 

7 G 

yy 

*3708 96 

i 



1 ,, 

$*3707-61§ 



! ” 

” 1 

$*3704-17 

1 6 

3704-10 


J ’• 1 

$*3702-40 

1 G 

3702-30 

1 .. 

1 1 


O'Cillation 
FrK|UPncy 
jn Vacuo 


25890 8 
25895 7 
25920-1 
25953 1 
25959 4 
259G5-1 
2599G 5 
2(;007 9 
2G019 5 
2G023 5 
2G0G1 2 
2G()G2-7 
2(‘)(i81 8 
2G17() (> 
2G183 9 
2G19] 2 
2(‘) 1 9 ^ 2 
2G195 0 
28207 9 
26221 7 
2623 1 1 
26250 5 
2(;267 7 
26161 2 
26 181 7 
2658 1 7 
26589 1 
26619 5 
26»627 2 
26637-9 
26»646 7 
26(;58 7 
26689 4 
26728 3 
26756. 9 
26771 3 
26776 2 
26784-1 
26792 0 
26797 8 
26825 1 
26929 8 
269:13 5 
26954-1 
26964-0 
26,989-0 
27001-9 


]| Also Manganese. 

it Exner and Haschek’s numbers : 3846 57, 3842- 12. 

( 3730 60 Co. 


^ Also Iron. 

§ Solar line double 


§§ Solar line triple \ 3730 50 1 „ 

Utso-isP*'' 
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Cobalt — continued. 


Wftve- 

(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

rievious Observations 
(Rowland) 

Redue 

Vac 

A + 

tion to 
uum 

1 

Oscillation 
Frequency 
in Vacuo 

*t3603 65 

5s 

3693-39 L. & D. 

1*02 

7 6 

27066*9 

*3693 53 

3 


„ 1 

27066*8 

t3693 27 

5 

3692-99 

j .. 

27008-7 

^*3690*87 

la 

3(590-79 „ 


27086*3 

J3686 63 

3 



27117*4 

t3686*13 

3 


,, 

>» 

27128-6 

J*3684*62 

5 


V 


27132-2 

t*3683-18li 

7 

3683-09 


7 7 

27142-8 

J*3676*69 

(i 



,, 

27190*7 

1*3670 20 

3 




27238 8 

J3662-33 


3662 38 „ 


,, 

27297 3 

J*3658 Oot 

3 



»> 

27329 3 

J*3G57 12 

4s 

,3656-68 

1*01 


27336-2 

^*3654 59 

4 a 

3654-58 

„ 


27365-2 

J*3652 68 

5 



27369 5 

^3651 42 

4s 


„ ! „ 

27378 9 

J*3649 17t 

6 

3649 38 

j 

27393 5 

t3618 30 

4 


»i 1 »» 

27402*3 

J3647 82 

5 


»» 1 »» 

27405 9 

j:*3G47*25 

4 


-■ 1 ” 

27410 2 

J3645 60 

3 



27422 6 

^3615 30 

4 


>> 1 

27424 4 

$3643*34 

5 

3643-28 „ j 

M I »> 

27439*6 

$*3611 95 

5 

3611-08 „ 1 „ 


27-460 1 

$*3639 63§ 

5 

3039 48 ^ „ 


i 27467*6 

$3637 49 

4 a 

I .» 

7 8 

27483 7 

$*3636 89 

4s 

3636-68 „ ! „ 


27495*7 

$*3631 80 

5 

3(i34*78 



27603 6 

$3633*52 

3s 




I 27613*7 

$*3633 00 

5 

3632 78 

»» 


1 27517 7 

$3632 12 

4 


If 

II 

I 27524 3 

$3631*65 

6 


*> 

II 

27528 7 

$♦3627 90 

7 

3627 88 


>1 

27555 9 

$*3625 13 

5 


>» 

5 1 

27577 4 

*3624 48 

4 



27582 4 

$*3620*59 

4 

• >> 

11 

27612 0 

$3618*17 

3 

i 

11 

27630 5 

$*3615 50 

4 

3615 38 

1 00 

II 

27650 4 

$*3611 89 

5 

3611-88 


If 

27678*5 

$*3609 92 

3 




27693*6 

3608 50 

3 




27704*6 

t*3605*50§ 

6 

3605*58 


f f 

27727*6 

$*3605*19' 

4 


>» 


27730 0 

$*3604*62 

4 


II 

11 

27734-4 

3600 99 

3 


>» 

II 

27763 1 

$*3596 67 

4 


M 

11 

27795-7 

*3595-00$$ 

7r 

3594 98 

II 

7 9 

27808 6 

$*3591-92 

3 


>> 

f 1 

27832-5 

$3589-44 

2 



II 

27861*6 


§ 

n 


Solar line double 


{ 


3605-G2 Fe | 3586*30 Fe. 
3605*60 Co 1 3586*20 Co. 


Exner and Haschek’s number : 3696-00. , 


^ Also Iron. 
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Cobalt — continued. 


Reduction to 


Wave- 
lenj^th 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

T, . Vacuum 

Previous Observations 

(Rowland) ^ 

Osci nation 
Frequency 
in Vacuo j 

♦3587-30tt 

lOnr 

3587-28 L.&D. 100 

7-9 

27808 2 

♦3586 20§ 

3 


f! 

27870 8 

t3685 92 

3 


17 

27878-9 

t»3585-28 

7r 


11 

27883 9 

J*358l 92 

5s 


11 

27880 7 

t3582-00 

4 

M 

M 

27909 5 

J 3579 I 6 

4 

tf 

11 

27931 0 

3579 01 

4 

ft 

It 

27932 8 

^♦3578 20 

4 

3577 98 „ 


27939 1 

3577-80 

3 

0-99 

11 

27942-2 

♦.3.577-36 

3 

ft 

11 

27915-7 

t*3575 48 

7nr 

3575-47 

11 

27960-4 

^♦3575-06 

6iir 

3575-07 

11 

27:103 7 

♦3569-48tt 

lOnr 

3569 47 „ 

19 

28007-4 

♦3568-36 

3 

„ 

11 

28010 2 

^♦3665 08 

6r 

3565-07 

11 

28042-0 

J*3664 25 

4 


11 

28048 5 

t*3563-04 

6s 

»» 

19 

280o8 0 

♦3562-22 

5s 

tf 

11 

28001-5 

*3561 01 

6r 

3661-07 „ „ 

11 

28071-0 

t3560-44 

4 

»» 

11 

28078 5 

i “3558-90 

5s 


11 

280:K)-7 

♦3553-28 

3 


11 

28135 1 

^^3553-l2 1 II 

5 

ft 


28130 4 

f*3552-85 f 

4 

8552 97 


281.38 5 

t*3550 72 

6r 

3550 67 

8-0 

28155 3 

^♦3548-60 

5 

3548 57 


28172 1 

t*3646-86 

4 1 


It 

28180 0 

^♦3543•40 

6s 

3543-37 „ ” 

11 

2821.3 5 

+3534-92 


0 98 

11 

28281 2 

’‘3533-49JJ 

7r 

3.533 37 

11 

28292 0 

*3529-92Jt 

9nr 

3529-87 

11 

28.321 3 

$♦3,529-17 

6 

3528 96 


28:i27 3 

*.3526-90$$ 

9nr 

3520-86 

11 

28315-0 

♦3525 97 

3 



28353 0 

♦3523-85 

6 



28370 0 

*3523-57$$§ 

Or 

3523 46 „ 


28372-3 

$♦3523 00 

1 



28370-9 

♦.3521-70$$ 

Or 

3.521-46 „ i’, 


28387-4 

$♦.3520-20 

6 

3520-06 „ 


28399 5 

♦3519-90 

4 

n 

11 

28401 9 

♦3518-49$$ 

7 

3518-26 „ 

11 

28413 3 

*3513-62$$ 

7 

i» 

11 

2S452 7 

♦3512-78$$ 

7 

3512 56 

11 

28159 5 1 


S Solar line double /•^«05-r>2 Fe f 3586-30 Fe [ 3523-67 Co. 

S double ^ I 3686-20 Co { 3523-47 

H Exner and Ilaschek’d numbers : 3687-36, 3669-58, 3560-97, 3533-46, 3529-96, 
3627-00, 3523-60, 3621-70, 3518 53, 3513-68, 3512-80. 

I 3553 12 Co. 

I) Solar line triple J 3552*98 Fe. 

I 3552-85 Co. 
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Wave- 
lenj^th 
(Kowland) 
Arc Spectrum 


♦:}510 53JJ§j 
’^3509 98t 
*3506-44jJ 
^3505-28 
t3504 88 
*3503 8() 
J* * * § 3502 76 
*3502-41JJ 
^*319()‘83§ 
*3495 82|j 
J*3 492*15 
J*3491 46 
^3 490 89 
*3489 54JJ 
t*3.487 86 
1*3185*49 
J*3 483*55 
t3 180*16 
*3478 90 
$’>‘34 78*69 
i*3i78 01 
•j:*3 476 49 
^3474 

*3174 lalX 
i*3171*52§ 



• 

Keduction to 


Intensity 

and 

Character 

Previous Observations 

Vacuum 

Oscillation 
Frequency 
in Vacuo 

(Kowland) 

A + 

i_ 

A 

7 

3510 26 L & D. 

0 98 

8*1 

28477*6 

7 

3509*86 



28482 1 

8nr 

3506 16 



28510*8 

3 




28520*3 

4 




28523 5 

3 

3503*96 



28531*9 

6nr 

3502*56 



28540 9 

9nr 

3502 16 



28543 7 

Or 

3496 56 „ 

0 97 


28589 2 

7 

3495*66 „ 



28597 1 

3 

i 



' 28627*6 

5 

3491*16 „ 



28633 2 

5 




28638 0 

8r 

3489*36 



28619 0 

4 




28662*8 

7 

3185*25 


55 

28682 3 

6r 

3483 25 „ 


55 

28698*2 

3 




2S726 2 

4 

3178*55 „ 


55 

2873()*6 

4 


55 


28738*5 

3 




28744 0 

4 

3476 55 



2H756-5 

4 




28771 7 

8 nr 

3 473 95 



28775*9 

5 


55 


28797 7 


SPABK SrECTKUM. 


Exner and 
D‘’sehek 
Wave- length 
( Knwiand) 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Keduc 

Vac 

ion to 
uum 

Oscillation 
Frcfiuency 
in Vacuo 

Spaik Spectrum 



A 6 



3169 2 

2 


0 97 

8 2 

28817 

3n;8 7 

2 




28821 

3168*3 

2 



55 

28825 

316.7 7 

2 



55 

28830 

34(;7 5 

2 




28831 

3165*96 

8 



55 

28843*8 

31(i5 5 

2 



55 

288 48 

346301 

8 



55 

28868 4 

3461 3 

4 



55 

28883 

3 4605 

2 

i 



28890 

3468 5 

2 


o’l)6 

59 

28906 

3(57*8 

2 ' 


55 

55 

28912 


* Double. 

Exner and llascbck’s numbers: 3610 52, 3509 92, 3506 45, 3602*30, 3495*78, 

3489 58, 3474*11. 

§ Solar line double { 
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Cobalt — continued. 


Exner and 



Reduction to i 

llaacbek 

Wave-longth 

lutensit}* 

Previous Observations 

Vaci 

lum 

(UoAvland) 
Spark Spectrum 

Character 

(Rowland) 

A. + 

1_ 

A 

3457-1 

4 


0-96 

82 

3456 6 

2 



,, 

3456-2 

2 



,, 

3455 6 

2n 



,, 

3155-4 

5 



,, 

3453-71 

8 



„ 

3453-0 

4 




3452-6 

2 




3452-1 

2 



,, 

3451-8 

2 



,, 

«3451-3 

2 




3449-62 

7 



,, 

3449 32 

7 



,, 

3417 6 

2 



,, 

3447 3 

2 



,, 

3416-5 

6 



,, 

3445 6 

2n 




3443 82 

7 




3443-4 

2 



99 

3443-3 

6 


>» 

„ 

3442-2 

2 



99 

3441 4 

2 



,, 

3141 3 

2 




3440-8 

2 



,, 

3439 0 

4 



,, 

3438 0 

2 


ty 


3437-2 

2 




3435 9 

2 


>> 


3435-6 

2 




3433-18 

7 



1 8 3 

3432-5 

2 



1 ” 

3431-73 

7 


>> 

1 

” 

3431-1 

2 


>> 

1 ” 

3430 9 

2 




3430 0 

2 


»> 

! »» 

3429 6 

2 



! 

3429 0 

2 



,, 

3428-5 

4 




3426-6 

2 




3424 7 

4 


>9 

,, 

•►3424-0 

4 


99 


3423 0 

2 


99 

M 

3421-9 

2 



It 

3421-0 

2 



,, 

3417-9 

4 


0-96 

1 ” 

3417-32 

7 


99 

I 

3415-9 

6 



1 ** 

3414 9 

6 



1 

>9 

3413 7 

2 



99 

3412-80 

7 


99 


3412-48 

7 


99 


3411-7 

2 




3400-32 

7 


99 

99 

8407-1 

2 


99 

99 

3406-28 

8 


99 

* 99 


Oscillation 
Frequency 
in Vacui) 


28018 
28922 
2802(1 
280;}1 
28932 
28046-2 
28952 
28050 
28960 
28062 
28067 
28980 5 
28083-0 
28000 
20000 
20007 
20014 
20029 3 
20033 
20035 
29043 
29050 
20051 
20055 
29070 
20079 
29085 
2000 () 
29000 
29120-1 
20125 
29131-5 
29137 
20130 
29147 
20151 
20155 
29159 
29175 
29102 
20198 
29206 
20216 
29223 
29260 
29254-4 
20267 
29275 
29286 
29293-2 
29295-9 
29304 
29323-0 
29343 
29367-9 
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Cobalt — continued. 


Exner and 



Reduction to 


llaschek 

Intensity 

Previous Observations 

Vacuum 

Oscillation 

Wave-length 

and 



— 

Frequency 

( UoAvland) 

Character 



1 

in Vacuo 

Spark Spectrum 



A + 

A 


3103-7 

3 


0-95 

8-3 

29372 

3103 3 

2 



J, 

29375 

3102 3 

2 




29384 

3402-2 

2 

j 


29385 

34020 

2n 

' ' M 

29386 

3309-3 

2n 

1 1 

29410 

3399-0 

2 


29416 

3395-50 

7 

j 

8-4 

29442-3 

3393-1 

4 

1 

29464 

3391-2 

4 



29480 

3390-(5 

2 



29485 

3388 30 

7 



29504-8 

3387 8 

6 



29610 

3385 4 

6 



29631 

3384-1 

2 


i 

29542 

3382-3 

2 



29658 

3381-7 

2 


i 

29563 

3381-2 

2 

1 11 t M 

29567 

3378-9 

4 

' 11 ' 

29587 

3378 5 

2 

i 0 91 1 „ 

29591 

3377 2 

4 


29602 

337G 4 

2 

j ,, 1 M 

29609 

3375 2 

2n 


29620 

3374 8 

2 


29623 

3371 4 

4 


29627 

3374 2 

2 

\ 

29629 

3373-4 

4 


29636 

3372 2 

2 


29646 

3371 1 

6 


29656 

3370-5 

4 


29661 

3369-7 

4 


29668 

3368 8 

2 

' i 

29676 

3367-3 

5 


29G90 

3360 4 

2 



29697 

3366 0 

2 





29701 

3365-3 

2a 




29707 

3364-5 

2 





29709 

3363-9 

2 




29719 

3363-4 

2 




29724 

3363 0 

4 




29727 

3361-7 

4 



„ 

29739 

3361 5 

2b 



85 

29741 

3360-5 

2b 


n >> 

29749 

3359-4 

4 



29769 

3358-8 

4 


” 


29766 

3358-3 

2u 



>> 

29769 

3357 0 

2 




29780 

3366-6 

1 2 



11 

29784 

3356-1 

2 




29788 

3355-3 

2 



M 

29796 

3354-48 

! 7 




29802-4 

3352-9 

4 




29817 

3351-7 

2 


n 

1» 

29828 

3351-3 

2a 




29831 

3360-5 

, 2 




20838 
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REPORT — 1897. 
Cobalt — continued,. 


Exner and 

Ha«cbek 
Wnvc-lcn^th 
( Jiowland) 
Sp^rk SptcLrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

A + 

1 

A 

3348*3 

4 


0-94 

8-6 

29858 

3347-1 

4 




29869 

331G-4 

2 




29876 

3344-2 

2 



II 

29896 

3342-9 

4 




29906 

3342-1 

2 



II 

29913 

3341-5 

4 




29918 

3340-0 

4 




29932 

3337-3 

2 


0-93 

II 

29956 

3336-G 

2 




29963 

3334-3 

6 




29983 

3333 5 

4 




29990 

3329-6 

4 




30026 

3328-4 

2 




30036 

3327 1 

4 



II 

30048 

3325-4 

4 



8-G 

30066 

3324-0 

2 


” 


30076 

3323-0 

2 




30085 

3322-3 

5 




30092 

3320-5 

2 




30107 

3320-0 

2 




30111 

3319-C 

4 




30116 

3319-4 

2 




30117 

3318-6 

2 




30124 

3316-2 

2 




30165 

3314-2 

6 




30164 

3313 3 

2 




30172 

3313-1 

2 



11 

30174 

3312-3 

4 


l> 

II 

30181 

3308-9 

2 


99 

II 

30213 

3308 6 

2 



II 

30215 

3307-3 

4 



II 

30227 

3806-5 

2 


» > 


30234 

3305-8 

2 



II 

30241 

3305-2 

2 



II 

30246 

3304 9 

2 



II 

30249 

3304-2 

2 


II 

99 

30255 

3304 0 

2 



II 

30257 

3303-4 

2n 



II 

30263 

3301 9 

2n 




30277 

3301-3 

2ii 


o’92 

II 

30282 

3298 8 

4 


II 

91 

30306 

3297 6 

2b 


II 

91 

30316 

3296 C. 

2b 



91 

30B25 

1 3294 7 

2 


>> 


30343 

3294-1 

2 


91 


30348 

3293 5 

2 




30354 

3292 2 

2 


II 


30366 

3290 (; 

2b 




30381 

3287-7 

2 



87 

30107 

3287-4 

4 




30410 

3286-0 

2n 



i« 

30423 

3283-9 

2 


ft 

If 

30461 

3283-67 

7 


99 

It 

30446-0 

3282-3 

2b 


91 

1 

30457 
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Exner an<l 
Ilaschek 
Whvc length 
(Kowlaiid) 
Spark S()ectruni 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum j 

Oscillation 
Frequency 
in Vacuo 

\ + 

1_ 

A 

32Hi-5 

2n 


0-92 

8-7 

30465 

3279-4 

4 



II 

30484 

3279-0 

2 


,, 


30488 

3278-3 

2 


,, 

II 

30495 

3277-8 

4 




30499 

3277 6 

4 


1) 


30502 

3276 6 

4n 


,, 

i» 

30510 

3274-10 

7 




30534-0 

3272 0 

6 




30553 

3271-4 

2 


»» 

II 

30561 

3270’5 

2 



II 

30567 

3269-7 

2 


*» 


30576 

3269-3 

2 




30579 

3268 2 

24 




30589 

3267 9 

2n 




30592 

32Go 5 

2 




30514 

3265 0 

4 


»» 

II 

30619 

3262'6 

4 


„ 

„ 

30642 

3261-8 

2n 




30649 

3261-2 

2n 




30655 

3260-9 

G 




30657 

3260 0 

2n 


0-91 


30666 

3258-6 

2 




30680 

3268-2 

4 


99 


30683 

3256-6 

2 


„ 


30699 

3254-3 

6 


ft 

,, 

30720 

3260 1 

4 



8-8 

30759 

3247*70 

7 


I* 

„ 

30782-2 

3247 30 

7 




30786-4 

3217-2 

2 


„ 

II 

30787 

3246-3 

2 


M 


30796 

3246-0 

2 


,, 


30798 

3245-7 

2 


»» 

11 

30801 

3246-5 

2 



11 

30803 

3244-2 

5 




30815 

3243-8 

2 




30819 

3239-1 

2n 


,, 

II 

30864 

3238 5 

2n 


It 

II 

30869 

3238 0 

2ii 


II 

II 

30874 

3237-2 

4 


,, 

,, 

30882 

3235-7 

4 


II 

II 

30896 

3234 7 

2 




30906 

3234-3 

2 


11 

„ 

30910 

3231-0 

2 


II 

II 

30941 

3228-8 

2 


,, 

II 

30962 

3228-2 

2 


II 

II 

30908 

3227-1 

4 


»l 

II 

30979 

3226 3 

2n 


II 

II 

30986 

3225-3 

4 


„ ' 

II 

30996 

3224-8 

4 


II 

II 

31001 

3221-8 

2 


II 

II 

31030 

3221-4 

2n 


„ 

„ 

31033 

3219-2 

4 


0-90 

If 

31056 

3218-0 

2 


„ 

II 

31066 

* 3217-2 

1 2 


I, 

II 

31074 
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Cobalt — continued. 


Exner and 
Ilaachek 
Wave-len^cth 
(Rowland) 
Spark Spectram 

Intensity 

and 

Character 

PreWous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

\ + 

1_ 

A 

32170 

2 


0-90 

8*8 

31076 

3216 4 

2 



89 

31091 

3214-2 

2 




31103 

3213-6 

2 




31110 

3212-1 

2 




31123 

3210-0 

4 




31135 

3210-3 

4 




31141 

3200 2 

2 




31181 

*3204-1 

2 




31201 

3203-2 

2 




31210 

3202-3 

2 




31219 

3200-6 

2 




31236 

3199 4 

2 




31247 

8198*7 

2 




31254 

3198-6 

2b 




31256 

3197 2 

2 


»> 


31268 

3197-0 

2 




31270 

3196-6 

2 




31274 

3196-2 

2 


>> 


31278 

3194-1 

2b 




31299 

3193 2 

2 


99 


31308 

3192-3 

2 




31316 

3191-3 

2 




31326 

3189-8 

2 




31341 

3188*6 

6 


>9 


31354 

3186*4 

4 


• 9 


31374 

3186-0 

4 




31378 

3184*4 

2 


99 

99 

31394 

3182*2 

4 


0 89 


31416 

3180*4 

2 



9-0 

31434 

3180*1 

2 


99 

»9 

31437 

3179 6 

2 


99 


31441 

3177*3 

6 


99 


31464 

3176*0 

4 


99 

99 

31488 

3174 2 

4 


9 9 

99 

31495 

3173*2 

2 



99 

31506 

3172*1 

2n 




31516 

3171*4 

2b 



99 

31623 

3169*8 




>9 

31539 

3168*1 

4 


99 

99 

31666 

3164*6 

2 


99 


31591 

3163*7 

2 


99 

99 

31600 

3161*7 

4 




31620 

3161*2 

2 




31625 

3169-8 

4 




31639 

3158-8 

6 



99 

31655 

3166-7 

2n 



! 99 

31670 

3166-8 

2 



99 

31679 

*3154*82 

7 




31688-6 

3162-8 

4 




31709 

3160-8 

2n 


99 


31729 

3149-4 

4 


99 


31743 

3147*1 

6 


9> 

9-1 

31766 

3144*1 

2 


ft 

99 

31797 

3140*7 1 

2 

1 

0-88 

99 

31831 
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Cobalt — continued. 


Exner and 
Hascbek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensitj- 

and 

Charac 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 

Frequency 
in Vacuo 

A + 

1_ 

\ 

31400 

6 


0-88 

9-1 

31838 

3187-9 

2 




31859 

3137-4 

5 




31865 

313G-9 

2 




31870 

3132-3 

2 




31916 

3130-9 

4 




31931 

3129-G 

2 




31944 

3129-1 

2 




31949 

3127-4 

2 




31966 

3126 9 

2 




31972 

3126 7 

2 




31974 

3123-0 

2b 




32011 

3121-6 

5 




32026 

3121-5 

5 




32027 

3118-4 

4 




32059 

3116-8 

2n 




32075 

3115-8 

2n 




32085 

3115-2 

2n 




32092 

3114-5 

2 



92 

32099 

3114 3 

4 




32101 

3113-6 

4 




32108 

3112-3 

2 




32122 

3111-4 

2 




32131 

3110-9 

2 




32136 

3110-7 

2ii 




32138 

3110-2 

4 




32143 

3109 6 

4 




32149 

3109 3 

2 




32153 

3107-6 

2 




32170 

3107-2 

2 



ft 

32174 

3105-9 

2 




32188 

3105-5 

2 


>> 


32192 

3104-1 

2 




32206 

3103-8 

4 




32210 

3102-5 

4 



tl 

32223 

3100-9 

2 


0-87 


‘ 32240 

3100 6 

«> 


» ! ,, 

32243 

3100-2 

2 



32217 

3099-2 

2 



32257 

3098-3 

4 



32267 

3097-3 

2 



32277 

3096 9 

2 



32281 

3096-5 

2 



32286 

3095-8 

2 



32293 

3093-3 

2n 


' 

32319 

3090-4 

4 



M 

32349 

3089-7 

4 



,, 

32361 

3088-7 

*> 



,, 

32367 

3088-0 

2 



99 

32374 

3086 9 

<; 



„ 

32386 

3086-6 

4 




32389 

3082-9 

2q 



9-3 

32428 

3082-7 

6 




32430 

3081-0 

4 




32448 

3079-5 

4 




32464 
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REPORT — 1897 , 


Cobalt — continued. 

Exncr nnd 
Il.s'bok 
W;iv<--leii<£th 
(IJowland) 
Spark Spectrum 

Intensity Previous Observations 

(Rowland) 

Character 

Reduction to 
Vacuum 

- 

Oscillation 
Frequency 
in Vacuo 

3078’7 

2n 

0-87 9-3 

32472 

3077-8 

2n 

»> •» 

32482 

3077-3 

2n 

M »> 

32487 

3076-3 

2 


32498 

3073-6 

4 

•* 

32526 

3072-4 

6 

»» »> 

32539 

3072-1 

4 

»> 1* 

32542 

3071-0 

2 

»» >5 

32554 

3068-7 

2 

»J M 

32678 

3066-6 

2 

• T •) 

32601 

3064-7 

4 

n »» 

32621 

3064-6 

4 

»» M 

32623 

3063-6 

2 


32632 

3062 3 

2q 

0 86 

32646 

3061-9 

6 

»> *» 

32660 

3061-0 

2 


32660 

3060-1 

4 


32670 

3068-6 

2 

„ ,, 

32686 

3066-8 

2 

>» »* 

32705 

3066-3 

2 

»> i> 

32722 

3054-8 

2 

i» >♦ 

32726 

3063-0 

2 

M 9 4 

32746 

3060-6 

2 


32771 

3060-2 

2 

»t ,, 

32776 

3048-9 

5 

>> M 

32790 

3048-3 

2 


32796 

3046 3 

2 

„ „ 

32818 

3044-10 

7 

»> >» 

32841-0 

3042-6 

4 

»> »> 

32858 

3041-9 

2 

1 ♦> »» 

32866 

3041-7 

2 

>> *» 

32867 

3041-0 

2 

»> M 

32876 

3039-7 

2 

' *» »» 

32889 

3036-8 

2 

M »» 

32920 

3035-6 

2 

l» »» 

32935 

3034-7 

5 

1 

32943 

3034-5 

4 


32946 

3034-2 

2 


32919 

3032-6 

2n 

»* >> 

32966 

3032-0 

2 

» »J 

32973 

3031 4 

2 

If ft 

32979 

3031-2 

2n 

ft » 

32981 

3028-4 

2n 

ft »» 

33012 

3026-7 

2n 1 

»» tt 

33030 

3026-6 

5 i 

ft tt 

33032 

3024-6 

2 

ft 9-5 

33053 

1 3023-7 

2 

0-86 „ 

33062 

3022-8 

2b 

>> >> 

33072 

' 3022 5 

2 


33075 

I 3020-1 ! 

I 2 


33101 

3019-9 

1 2 


33104 

3019-3 

' 2 


33111 

3017-7 

! 6 

„ „ 

33128 

3017-6 

1 2 

»i » 

33130 

3016-8 

1 2 

„ ' „ i 33149 



ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 
Cobalt — continued* 


Exner and 
Haschok 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Observations 
( Rowland) 

Reduction to 

V acuuin 

Oscillation 
Frequency 
in Vacuo 

A + 

1 

K 

3013 7 

5 


0-85 

9-6 

33172 

3011-7 

2 



>> 

33194 

3011-2 

2n 



99 

33199 

3010-1 

2 



99 

33211 

3008-9 

4 




33225 

3008-3 

2 




33231 

3006-1 

2 



>1 

33250 

3005-8 

2 



„ 

33259 

3006 0 

2b 



99 

33268 

3001-7 

2b 



,, 

33304 

3000-7 

4 



99 

33316 

2999-8 

2 



,, 

33326 

2996-7 

2 



9 0 

33300 

2995-2 

4 



,, 

33377 

2990-4 

2 



,, 

33 130 

2989-7 

6 



>> 

33438 

2988 2 

2 



,, 

33455 

2987-2 

0 



„ 

33466 

2982-3 

2 


0-84 


33521 

*2981-7 

4 



»» 

33528 

2978-1 

2 



»» 

33568 

2975-0 

2 




33597 

2973 3 

4 




33623 

2971-7 

2b 



9 7 

33641 

2971 1 

2n 



,, 

33648 

2908 7 

2 



,, 

33675 

2908-3 

2n 



,, 

33679 

2905-3 

2ri 



,, 

33713 

2964 8 

2n 



>» 

33719 

2903 0 

2n 



>) 

33740 

-"2961-7 

2ii 


>> 

„ 

33754 

2961-3 

2 



,, 

; 33759 

2961-0 

2 


>> 

M 

' 33762 

2959-7 

2 



>• 

1 33777 

2957-8 

2 



,, 

1 33799 

2955-5 

2 


>1 

» 

33825 

2954-83 

8 




33833-2 

2954 0 

2 



„ 

33842 

2944 0 

2 



9 8 

i 33957 

2943-2 

Oil 



»♦ 

1 33967 

2942-5 

2 


0-83 


1 33975 

2942-2 

2 




33978 

2934-1 

2 




, 34072 

2933-7 

2 




3 1077 

2930-5 

6n 



,, 

31114 

2929 7 

4 


>9 

,, 

1 34123 

2929-0 

2 




1 34131 

2928-1 

2 


9» 

„ 

1 34142 

2927-8 

4 


n 

>) 

34145 

2927-0 

2 



»» 

1 34155 

2925 6 

2n 


>> 

>) 

34171 

2921 8 

2n 


>> 

,, 

34180 

2924 2 

2u 




3 11 87 

2921 7 

2b 


99 

9-9 

34217 

2919-7 

2 


99 

34240 
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Cobalt — contimed. 


Exner and 
Hascbek 
Wave-lenj^th 
( Rowland ) 
Spark Spectrum 

Intensity 

and 

Character 

1 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

\+ 

1 _ 

\ 

2918-7 

5n 


0-83 

9-9 

34262 

2916-7 

2n 




34276 

2916-2 

2n 




31281 

2915 6 

2n 




31289 

2914-7 

2 




34299 

2913-7 

2 




34311 

2912*1 

2n 




34329 

2911-6 

2a 




34335 

2910-1 

2a 


$9 


34353 

2908-9 

2a 




34367 

2907-7 

2a 




34381 

2907-0 

2 




34390 

2905 6 

2n 




34406 

2905 2 

2a 




34411 

2904-8 

2 




34422 

2903-8 

2n 


0-82 


34128 

2903-2 

2 




34136 

2899-9 

2 




34474 

2898 8 

2 




34487 

2897-9 

2a 




34498 

2895-9 

2 



10-0 

34522 

2895-5 

2 




34526 

2896-3 

2 




346-29 

2894-9 

2 




31534 

2892-4 

2n 




34563 

1 2890-6 

6 




34586 

: 2889-7 

4 




34596 

2888 6 

2n 




34G09 

i 2886-5 

4 


»> 


34634 

2883 8 

2 


»> 


34666 

2883-5 

2 




34670 

2882-3 

2 




34684 

2882-0 

2 




34688 

2880 5 

2b 




34706 

2879-7 

2n 




34716 

2878-6 

2 




34729 

2876-9 

2 




34760 

2876-6 

2 


»» 


34763 

j 2874-2 

2 




34782 

2874-1 

2 



M 

34785 

i 2873-6 

2 


ft 

11 

34791 

2873-0 

2 


)) 


34797 

2872-6 

2 



10 1 

34802 

1 2871-28 

7 

1 



34817-6 

i 2870 2 

4n 


». 


34831 

2868 3 

2n 


; M 


34854 

2867-5 

2n 


■ », 


34864 

2866-7 

2a 




34873 

2866-6 

2a 



1) 

34887 

2862-7 

2 


0-81 


34922 

2861-5 

2a 

i 


1 M 

34937 

2869-7 

1 2 



M 

1 34959 

2858 6 

! 2 




34973 

2857-3 

2b 




34988 

2866-2 

1 2 


„ 

11 

35002 



ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. if/ 


QonMnn— continued. 


Exner and 
Haschek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity- 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in V acuo 

A + 

A 

2856‘8 

2 


0-81 

10-1 

3600(5 

28535 

2b 



,, 

35035 

2852-2 

2 



>♦ 

35051 

2851-0 

2 


»» 


36065 

2860 1 

2 




35078 

2849-7 

2 




35081 

2818-4 

2b 



10-2 

35097 

2846-8 

4 



M 

35129 

2844-2 

2 



fJ 

35149 

2840-8 

2 


n 

O 

35191 

2838 0 

2b 




35226 

2837-3 

4 


»» 

M 

35235 

2835 8 

2 


♦> 


35253 

2835 1 

4 




35262 

2834-5 

2 




35270 

2834-0 

2 




35276 

2831 7 

2 



>9 

35304 

2828-7 

2n 



yy 

35342 

2827 4 

2 



yy 

35358 

2827-0 

2 



yy 

35363 

2825-3 

6 




35384 

2823 7 

2 


0-80 

10-3 

35405 

2823 3 

2b 




35410 

2821-9 

2n 



yy 

35427 

2820 1 

2 



ty 

35460 

2819 5 

2 




35457 

2819-0 

4 



yy 

35464 

2818 8 

2 


yy 

35466 

2818-2 

2 

1 

1 


35474 

2817 2 

2 



1 35486 

281G 3 

4b ' 

M 

yy 

i 35498 

2815-9 

2 1 


yy 

1 35503 

2815-7 

4 


M 

yy 

35505 

2813 4 

2 


M 

yy 

35534 

2813 0 

2 



>, ' 

35539 ; 

2812 7 

2n 




35543 

2811-7 

2 




35656 

■ 28110 

5 




35565 

2809-5 

2 




35584 

2809-2 

2 




35587 

2807-2 

4 




35613 

2807 1 

2 

! 

yy ■ 

35614 

2805 8 

2 




36630 

2806-6 

2 



yy 

36633 

2804-7 

2 



yy 

1 36644 

2804-2 

2n 




1 36661 

2803 9 

4 



yy 

36666 

2802-7 

4 



yy 

35670 

2802-3 

2b 


»» 

If 

35675 

2801-2 

2 



yy 

35689 

2799-2 

2 


9» 

10-4 

35714 

2799 0 

2 


99 

M 

36717 

2798-6 

4 



yy 

36723 

2797-2 

4 



yy 

35740 

2797-0 

4 


1 1 

36743 


1897. It 
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continued. 


Exner and 
Haschek 
Wave-length 
(Rowland) 
Spark Spectrnm 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Redaction to 
Vacuum 

Oscillation 
Fre^ency 
in Vacuo 

\ + 

1 _ 

\ 

2796-3 

4 


0-80 

10-4 

35762 

2794-9 

4 


„ 

„ 

36769 

2794-0 

6b 



„ 

35781 

2791-7 

2 


«» 

,, 

36810 

2791-1 

2 



>» 

35818 

2789*0 

2 




36837 

2786-1 

4 


»» 


36882 

2786-6 

4 


„ 

„ 

368S9 

2782-8 

2 


0 79 

„ 

35925 

2782-3 

2n 



„ 

36931 

2781-6 

2 



}> 

35941 

2780-1 

2 


» 

It 

35960 

2779-0 

2 



II 

35966 

2779 0 

4 




35974 

2778-3 

2 


»* 

II 

35983 

2776-3 

6 


•t 

»i 

36009 

2776-2 

4b 


»« 

10-6 

36023 

2774-0 

2 



II 

36039 

2773-0 

2 


j> 

i> 

36062 

2771-0 

2b 




36078 

2769-2 

4 



11 

36101 

2767-0 

4ti 




36130 

2766-4 

4 



„ 

36138 

2764-9 

2 



II 

36168 

2763-9 

4 


„ 

II 

36171 

2763-2 

2b 




36180 

2762-4 

2b 




36190 

2762-1 

2 




36194 

2761-6 

2 



II 

36201 

2761-6 

2 


»> 


36202 

2760-6 

2 


11 

11 

36215 

2768 6 

2 



II 

36231 

2758-4 

2 



II 

36242 

2768 0 

2 



II 

36247 

2767-4 

2 




36266 

2764-7 

2b 



II 

36291 

2762-4 

2 




36321 

2761-0 

2 



loV) 

36331 

2760-4 

2b 




36347 

2748-6 

2 




36371 

2746-3 

4 




36416 

2742-5 

2 




36462 

2742-2 

2 



» 

36466 

2741-6 

2 


0-78 

99 

36464 

2740-6 

2 



99 

36479 

2739-2 

4 



99 

36496 

2738-6 

2 




36606 

2737-6 

2 



19 

36619 

2737-2 

2 




36523 

2734-9 

4b 


ft 


36553 

2733-8 

2 


» 

It 

36568 

2733-2 

4 




36676 

2731-3 

4 



91 

36604 

2731-0 

2 




36606 

2729-4 

2n 


n 

II 

36627 



ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 99 
Cobalt — contimted. 


Exner and 



Reduction to 


Haschek 

Wave-length 

(Rowland) 

Intensity 

and 

Character 

Previous Observations 

Vacuum 

Oscillation 

(Rowland) 


1 

Frequency 
in Vacuo 

Spark Spectrum 



A + 

A 

27290 

2ii 


0*78 

10*6 

36632 

2728T 

4n 




36646 

2724*6 

2 




36692 

2723*7 

2 


»» 


36704 

2723-0 

2n 


„ 

10*7 

36713 

27222 

2 



,, 

36724 

2721*1 

4 


>> 


36739 

2720*0 

2 




36754 

2719*1 

2 


f 1 


36766 

2717-3 

2n 




36792 

2716-5 

2 


,, 


36801 

2716*1 

4 




36807 

2713*6 

2b 




36842 

2711-9 

2a 


,, 


36864 

2710*4 

2 


9» 


36884 

2709*2 

4a 




36900 

2708*1 

4 


,, 


36916 

2707*6 

4n 


It 


36922 

2706*8 

6a 


»t 


36934 

2706-0 

2 




36944 

2704*3 

2 


»t 


36967 

2702*6 

4 




36992 

2701*8 

2 




37001 

2700*6 

2 




37018 

2698*0 

2 


0 77 

10*8 

37063 

2697-1 

4 


„ 

*» 

37066 

2695-9 

2 


II 

II 

37082 

2694*75 

8 


»* 

II 

37098-4 

2693- 1 

4n 




37121 

2692*4 

2a 


1 „ 


37131 

2689-8 

4 



• 1 

37167 

2689*2 

2b 


»» 


37175 

2687*0 

2b 


»i 

II 

37205 

2686-3 

2b 



It 

37215 

2686*4 

2 




37227 

2684*6 

6a 


,, 


37239 

2683*5 

2a 




37254 

2682-8 

2a 



11 

37264 

2682*2 

2 


„ 

II 

37272 

2682*0 

2 


„ 


37275 

2680-6 

4 


,, 


37296 

2680*3 

2 


»» 


37298 

2679-9 

2 



II 1 

37304 

2678*2 

I ^ 




37328 

2676 2 

6n 

i 



37356 

2674 0 

2 



10*9 

37372 

2673*7 

2 


»» 


37390 

2673*3 

2 


>» 


37396 

2672*3 

4b 

1 ' 


»» 

37410 

2670*8 

4 

i 1 


If 

37431 

2669*9 

4b 

1 1 

** 

«» 

37444 

2668*3 

2b 

1 

„ 

y* 

37466 

2666*3 

2 




37494 

2666*3 

2 


»> 


37608 

2663*68 

i 8 




37632-6 


H 2 
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REPORT — 1897. 

Co continued. 


Exner and 
Haschek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduc 

Vac 

A + 

;ion to 
uum 

1 

a" 

Oscillation 
Frequency 
in Vacuo 

2662 7 

2n 


0-77 

10 9 

37546 

2662-2 

2ii 



ti 

37652 

2668-1 

2 



f 

37610 

2666-5 

4b 


I* 


37633 

2663-74 

7 


0-76 


37671 8 

2662-8 

4 



no 

37685 

2652-4 

2 



„ 

37691 

2650 3 

2 



99 

37721 

2648-70 

7 



,, 

37743-3 

2646-5 

2 



ft 

37775 

2643-2 

2 



99 

37821 

2641-2 

2n 




37861 

2641-0 

2n 



99 

37853 

2640-5 

2 



if 

37861 

2639-3 

2n 




37878 

2638-1 

2 


„ 

99 

37896 

2637-9 

2 



ft 

37898 

2637-4 

4 



tf 

37906 

2636-1 

4 




37924 

2634 9 

4 




37941 

2632-30 

8 

* 

»» 

if 

37978-G 

2631-4 

4 



11-1 

37993 

2631-1 

4 




37996 

2630 5 

2 




38004 

2628-8 

2 



,, 

38029 

2627-7 

2 



♦ » 

38045 1 

2627-0 

2n 



if 

38055 

2626-5 

2 



if 

38077 

2626 3 

4 



„ 

38080 

2624-5 

2n 


»» 

*» 

38091 

2624-0 

2 


9* 

,, 

38099 

2623-7 

2 


99 

»» 

38103 

2622-6 

2 


99 


38119 

2622-4 

2 


99 

ft 

38122 

2622-0 

4n 


99 

ft 

38128 

2621-0 

2b 


99 


38142 

2619-8 

4 


99 


38160 

2618 8 

4 



„ 

38174 

2615-3 

2b 


99 

ft 

38226 

2614-39 

7 


99 

ft 

38238-7 

2613-5 

5 


99 

ft 

38262 

2612-6 

4n 


99 

ft 

38265 

2610-4 

2 


9* 

jf 

38297 

2609-0 

2 


0-75 

11-2 

38318 

2608-1 

2 



»t 

38331 

2606-9 

6 



ft 

38363 

2605-7 

5 


99 

ff 

38366 

2604-5 

4 




38384 

2603-3 

2 


99 


38411 

2600-9 

2 


99 

ff 

38437 

2694-4 

2 



tt 

38534 

2694-2 

2 




38637 

2693-8 

4 

1 

ft 

38642 

2693-5 

2 

1 ** 


38647 

2591 6 

2 

1 

if 

38677 
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OF THE ELEMENTS. 101 



Cobalt — eontinved. 



Exner and 



Reduction to 


Hascbek 

Wave-length 

(Rowland) 

IntoDsity 

and 

Character 

Previous Observations 
(Rowland) 

Vacuum 

Oscillation 

F requency 
in Vacuo 

Spark Spectrum 



A + 

A 1 


2589-1 

4ii 


0-75 

11-2 

38612 

2587-25 

8 



ii:i 

38639-8 

2586-3 

2 




38669 

2583*2 

4 




38700 

2582*30 

8ii 




38713-9 

2581*4 

2 




38728 

2680-38 

8n 




38742-7 

2576 6 

2b 




38815 

2574-9 

5 




38825 

2574-6 

4 




38833 

2572-3 

2 




38865 

2569-8 

4 



19 

38903 

26690 

2 




38915 

2667-4 ‘ 

4 



11-4 

38939 

2567-0 

2 



M 

38945 

2565-6 

4 




38968 

2564-18 

8 


0-74 


38987-4 

2562 7 

2 




39010 

*2662-3 

2 




39016 

2561-0 

2 



9) 

39036 

2560-10 

7 




39050 

2669-48 

8 



19 

39059-0 

2568-6 

2 



>9 

89073 

2567-4 

4 



99 

39091 

2566-8 

4 


I* 

99 

39103 

2655-2 

2 I 



99 

39125 

2654 2 

2 




39140 

2654 0 

2 



99 

39143 

2553-3 

2 



99 

39154 

2563-0 

2 



99 

39159 

2662-4 

4 


ft 

99 

39168 

2650-6 

2n 



9» 

39195 

2649-9 

2q 



99 

39206 

2649-4 

2n 




39214 

2548-6 

2 



11-5 

39226 

2648 4 

2 



99 

39229 

2546-80 

7 




39253-5 

2546-3 

4 



99 

39262 

2546-8 

2 




39269 

2545-1 

4 



\y 

39280 

2544-6 

4 



91 

39288 

2544-3 

4 



99 

39293 

2543-8 

2 



19 

39300 

2543 4 

2 


>» 

9l 

39316 

2542-00 

8ii 


«> 

99 

39328 0 

2540 7 

6 




39344 

2540-3 

2 




39354 

2538 9 

2 



9^ 

39376 

2537-6 

2 


i> 

» 

99 

39396 

2536-8 

2 


II 

39409 

2636-6 

2 


tt 

99 

39412 

2636-1 

4 



99 

39420 

2635-7 

2 



99 

39426 

2636-4 

2 



99 

39431 

2534-5 

2n 




39445 
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REPORT — 1897 , 
Cobalt — coniinveim 


Exner and 
Raschek 
Wave-len^^tb 
(Rowland) 
Spark Si)ectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

A + 

1 

25340 

6 


0-74 

11-5 

39452 

2633-8 

4 




39455 

2531-9 

2n 




39485 

2530-1 

6 


t) 

11-6 

39512 

2529-6 

2 




39520 

2529-1 

2 




39628 

2628-68 

7 




39534-7 

2528-3 

4 




39640 

2626-2 

2 




39673 

2625-08 

7 




39691-1 

2624-7 

4 




39697 

2623-0 

4 




39623 

2521-5 

5 




39647 

2521-0 

2 




39655 

2519-90 

8 




39672-5 

2617-9 

2 


0-73 


39704 

2517-5 

4 




39710 

2615-6 

2 




39740 

26140 

2 




39765 

2613-1 

2 




39780 

2512-4 

2 




39791 , 

2612-2 

2 




39794 

2511-9 

2 



11-7 

39798 

2511-23 

7 




39808-0 

2509-3 

2 




39840 

2508*1 

4 




39859 

2506-8 

2 




39879 

2506-51 

8 



>1 

39884 4 

2506-7 

2n 




39897 

2504 0 

2 



II 

39924 

2500-9 

2 


” ! 


39974 

2500-6 

2 



>J 

39978 

2498-8 

5 



15 

40007 

2497-6 

4 


»> 

II 

40026 

2496-8 

2 



15 

40039 

2495-5 

2 




40060 

2494*7 

2 




40073 

2493 6 

2 



11-8 

40101 

2492-4 

2 


>9 

«« 

40110 

2492-2 

1 2 




40113 

2491*4 

i 2 




40126 

2491 2 

2 


» 


40129 

2490-8 

2 


IT 


40136 

2490-4 

6 


II 


40142 

2487-4 

4 


11 

\\ 

40191 

2487-2 

4 


»» 


40194 

2486*5 

6 


91 


40205 

2485-4 

5 



!! 1 

40223 

2484-4 

2 




40239 

2484-3 

2 




40241 

2484-1 

2 



’’ 

40244 

2483-6 

4 




40252 

2483-3 

2 




40257 

2482-2 

1 2 




40276 

2480-2 

1 2 


tl 


40307 
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Exner and 



Reduction to 

. 

Hascbek 

Wavc-leng'th 

(Rowland) 

Intensity 

and 

Character 

Previous Observations 

Vacuum 

Oscillation 

(Rowland) 

A + 

1 

Irequency 
in Vacuo 

Spark Spectrum 



A 

2479 1 

4 


0-73 

11-8 

40325 

2478 5 

2 




40335 

2478-2 

4 




40340 

2477-4 

4 




40353 

2477-3 

4 




40355 

2476-6 

2 



11-9 

40366 

2476-4 

2 




40369 

2473-1 

2 




40423 

2472-9 

2 




40426 

2471-8 

2b 




40444 

2470-3 

2 




40469 

2469-5 

4 


0-72 


40482 

2467-0 

5 



99 

40623 

2464-2 

6 




40569 

2462-1 

2 




40604 

2461-8 

2 




40608 

2461-2 

2 




40619 

2460 2 

2 




40635 

2459-3 

4 



12-0 

40650 

2456-2 

2 


»» 


40701 

2465-5 

2n 




40713 

2454-5 

2 




40729 

2454-2 

2 




40734 

2453-8 

2 




40741 

2453-3 

4 




40749 

2452-5 

4 




40763 

2451 0 

2n 




40778 

2450 0 

6 




40804 

2449-2 

4 




40818 

2447-8 

6 



,, 

40841 

2446-6 

2 




40861 

2446-0 

6 




40871 

2443 8 

6 



12T 

40908 

2442 G 

6 



99 

40928 

2441-7 

4 



19 

40943 

2441-1 

2n 



19 

40953 

2439-0 

4 


99 


40988 

2438 4 

2a 


9 > 

99 

40998 

2438-0 

4 


99 


41005 

2437-0 

4 


>9 


41022 

2436-7 

2 


99 


41027 

2436-3 

2 




41034 

2435-1 

4 


99 


41054 

2434-2 

2 


91 

99 

41069 

2432-6 

6 


99 


41096 

2432 3 

4 



99 

41101 

2431-7 

2 


99 

99 

41111 

2430-8 

2 


99 

99 

41127 

2430-6 

2 


99 


41130 

2429-9 

4 


99 

99 

41142 

2429-5 

2 


99 

99 

41149 

2428-4 

4 


99 

99 

41167 

2426-6 

2 


99 

12*2 

41198 

2426-2 

4 


99 

99 

41206 

2425-0 

4 




41226 



104 

KEPORT — 1897. 

Cobalt — cmtinved. 


Exnpr and 
Haschek 

W ave-length 
(Rowland) 
Spark Spectrum 

Intensity Previous Obecrvations 

Character 

Reduction to 
Vacuum 

J- 

Odcillation 
Frequency 
in Vacuo 

*2423-7 

4 

0-72 12-2 

41247 

2422-6 

2n 


41266 

2422-1 

2 


41274 

24210 

2 

0 71 

41293 

2420-8 

4 

M M 

41297 

2410-3 

2 

»> >1 

41322 

2418-5 

4 


41336 

2417-7 

4 


41350 

2417-0 

4 


41362 

2416-0 

4 


41379 

2415-3 

4 


41391 

2414-5 

2 


41404 

2414-2 

4 

99 99 

41410 

2411-6 

4 

„ 12-3 

41454 

2409 5 

2n 

.. „ 

41490 

2408-8 

4 

n »i 

41502 

2408-4 

4 

>♦ i» 

41509 

2407-7 

4 

*> i> 

41521 

2407-5 

4n 

M 1) 

41525 

2406-3 

2n 

»» U 

4154G 

2406-0 

2n 


41651 

2405-2 

2 

»> »! 

41565 

2404-6 

4 

*» 

41676 

2404 3 

4 

M 

41580 

2103 8 

4 

tf tt 

41589 

2402-0 

2 

» U 

- 41604 

2402 1 

2 


41618 

2401-6 

2 i 


4 1627 

2399 1 

2 


41670 

2398-4 

4 


41682 

2397-4 

6 

!! 12-4 

41700 

2396 8 

2 

.» 

41710 

2395-5 

4 

M >» 

41733 

2394-5 

4 

M 

41750 

2394-0 

2 

.» »> 

41759 

2392-6 

4 


41784 

2391-2 

2 


41808 

2389 5 

4 

>> ft 

41838 

2388-8 

6 

ft tt 

41850 

2386-7 

4 

’’ ” 

41887 

2386-4 

4 


41892 

2385-6 

2 


41906 

2384-0 

2 

M 

41934 

2383 4 

5 


41945 

2383-1 

2 

„ 12-6 

41950 

2382-3 

4 

tt tt 

41964 

2381 9 

2 

tt tt 

41971 

2381-7 

5 

tt ft 

41976 

2381 0 

2 

tt t* 

41987 

2380-5 

2 

tt ff 

41996 

2378-60 

7 


42032*6 

2377-1 

2a 

ft It 

42056 

2376-9 

2 


42060 

2375-2 

4 


42090 

2373-7 

2 

p 

o 

42116 
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Cobalt — ronti mied. 


Exner and 
Ilaachek 
Wave-lenath 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

1 

1 

Previous Observations ! 
(Rowland) 1 

Reduction to 
Vacuum 

Oscillation 

F requency 
ill V’'acuo 

A + 

1 _ 

A 

2373-4 

2 

i 

0-70 

12*5 

42122 

2373-1 

2 

1 



42127 

237 2Ti 

2 ' ! 



42138 

237 1-S 

4 



42148 

2371 G 

2 

1 


42154 

2370-7 

4 



42170 

23G9 7 

2 



42187 

23G7 4 

2b 


1 2-6 

42227 

23G72 

o 

1 ” 


42231 

2366-7 

2 



42240 

2365-6 

2n 




42260 

23G5-2 

2 




42267 

2365-0 

2 




42270 

2363-82 

7 




42291 8 

2362-6 

2 

1 


42313 

2362-3 

2 

! 


42319 

2361-6 

4 




42331 

236M 

2 




42340 

2360*7 

4 




42347 

2360-4 

4 




42353 

2359-0 

2 




42378 

2358-2 

4 




42392 

2356-6 

o 




42421 

2356-5 

2 




42423 

2355-6 

2 




42439 

23550 

2 




42450 

2354 5 

2 



12-7 

42459 

2353-4 

5 




42479 

2352 2 

«» 




42500 

2851 9 

4 




: 42506 

2351 2 

4 




1 42518 

2348-4 

2b 




42569 

2347 8 

4 




42580 

2347-4 

4 




42587 

2347 2 

2 



1 '* 

42591 

2346-6 

1 4 




! 42602 

2345 5 

i 4 




42622 

2315-4 

1 2 



,, 

42624 

2344-7 

i 4 




42636 

2344-3 

4 




42644 

2343 6 

1 2 




42656 

2342 4 

2 




42678 

2311-2 

4 



M 

42700 

2340-3 

2 



128 

42717 

2339-5 

2 



ft 

42731 

2339 0 

4 



ft 

42740 

2338-7 

2 




42746 

2338 0 

4 



It 

42759 

2337-5 

2 




42768 

2337-1 

2 



ft 

42775 

2336 3 

4 


It 

ft 

42790 

2334-8 

2 


ft 

If 

42817 

2334-2 

4 


It 

It 

42828 

2333-6 

2 


It 

If 

42839 

2333-1 

2 


If 

II 

42848 
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REPORT — 1897. 
Cobalt — continued. 


Exner and 



Redaction to 


iraecbeK 

Wave-length 

(Rowland) 

Intensity 

Previous Observations 
(Rowland) 

Vacuum 

Oscillation 
Frequency 
in Vacuo 

and 

Character 

A + 

1 

Spark Spectrum 


A 


2830-4 

4 


0*70 ! 

12-8 

42898 

2329-2 

4 



42920 

2327*7 

4 



42948 

2327-2 

2 


» 12*9 i 

42967 

2326-5 

4 




42970 

2326-1 

4 


>♦ 

11 

42977 

2324*3 

4 


0 69 

11 

43011 

2320-6 

2 


>» 

11 

43081 

2319-9 

2 



„ 

43092 

2318*4 

2 


♦> 


43120 

2318*2 

2 


11 


43124 

2317*1 

4 


>1 

„ 

43144 

2316-1 

2 




43163 

2314-2 

4 


11 

13-0 

43198 

2313*7 

2 


11 

11 

43208 

2312-6 

2 




43228 

2311-6 

4 



11 

43247 

2309-3 

2 



11 

43290 

2309*0 

2 



11 

43296 

2307*7 

4 


tf 

11 

43320 

2307*5 

2 


„ 

11 

43324 

2306*1 

2n 


)» 

1) 

43350 

2305*1 

2 


» 

11 

43369 

2304*1 

2 


11 

II 

43388 

2303*0 

2 


11 

11 

43409 

2302*5 

2 


»» 


43418 

2302-0 

2 


»» 

11 

43427 

2301*4 

4 


>* 

11 

43439 

2300 2 

2 



13-1 

43461 

2299-9 

2 


>1 

11 

43467 

2298*9 

2 


11 

11 

43486 

2297-3 * 

2 


f, 


43516 

2296-7 

2 


j, 


43528 

2296*0 

2 


„ 

11 

43641 

2295*2 

2 


>1 

11 

43566 

2293*6 

2 


» 

„ 

43688 

2293*4 

4 



1) 

43690 

2292*1 

4 



>> 

43616 

2291*5 

2 


>» 

)> 

43627 

2290*6 

2 


It 

11 

43646 

2287*9 

2 



13-2 

43695 

2287*8 

2 


»♦ 

»i 

43697 

2287-2 

2 


>> 

II 

43709 

2286*3 

6 


»> 

» 

43726 

2283*6 

i 2 



„ 

43778 

2282*6 

2 



)» 

43799 

2282-0 

4 



»> 

43808 

2281-2 

2 



It 

43824 

2280 6 

i 2n 


>» 

It 

43835 

2278*9 

! 2 



II 

43868 

2278*7 

2 


II 

„ 

43872 

2277-4 

2 


0*68 

II 

43897 

2277-0 

2 


»i 

II 

43904 

2276-6 

2 


•» 

It 

43912 

2276-3 

i 2 


»> 

II 

43918 
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Co BALT — continued. 


Exner ard 
Haschek 
Wave-leugth 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

\ + 

1__ 

A 

2276-8 

2 


0-68 

13-3 

43928 

2275-5 

2 


If 

,, 

43933 

2273-3 

2n 


If 

If 

43976 

2272-4 

2 


If 

,, 

43993 

2271-4 

2 


f) 

11 

44013 

2270-4 

2 


II 


44032 

2269-8 

2 


If 

If 

44044 

2268-3 

2 


I* 


44073 

2266-6 

4 


>1 


44108 

2264-6 

2 


If 


44146 

♦2261-7 

2 



13-4 

44202 

2260-1 

4 



„ 

44233 

2266-7 

4 


fi 

If 

44299 

2266-1 

2 


fi 

ff 

44311 

2263-5 

4 


ff 

»f 

44362 

2262-3 

2b 


jf 


44386 

2261-2 

2n 




44408 

2250-6 

2n 



13-5 

44422 

2260-1 

2n 




44429 

2248-7 

2 




44467 

2248-2 

2 




44467 

2246 9 

2 



If 

44493 

2246-2 

2n 




44607 

2245 2 

4 



If 

44526 

2242-8 

2 




44674 

2242-6 

1 2 




44578 

2237-1 

2 



13 6 

44687 

2232-1 

4 


„ 

ff 1 

44787 

2230-5 

4n 




44819 

2229-1 

2 


0 67 


44847 

2226-0 , 

2 



13-7 

44930 

2220-3 

4b 



ff 

45025 

2213-9 

4 


i» 

13-8 

46155 

2211-5 

2 



If 

45204 

2206-3 

4 



If 

45311 

2206-9 

2 



If 

46319 

2205-6 

2 


II 


46326 

2206-2 

2 


fi 

,, 

46333 

22030 

2 



13-9 

45379 

2193-7 

4 



„ 

45571 

2192-6 

2 




45694 

2192-3 

2 


If 

14-0 

45600 

2190-9 

2 


j> 

ff 

46629 

2190-7 

4 


fi 

If 

46634 
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REPORT — 189 ’ 


Nickel. 

Hasselbcrg, ‘Kongl Svenska Vetenskaps-Akadera. Handl.’ Bd. 28, No. fi, 189(). 
Exner and Ilaschek/ Sitzber. kaiserl. Akad. Wissensch. Wien,’ cv. (2), 1896. 


Has*elb«rg 
Wave length 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Observ'ations j 
( Rowland) | 

Reduct 

Vacu 

A, + 

ion to 
um 

1 

A 

1 

Oscillation 
Frequency 
ill Vacuo 

*589.3- 13 

5 

5893-22 Thal6n 

161 

4-6 

16964*3 

*6858*03 

4 

5857-72 

1-60 


17066*0 

*5847-26 

2 

1-59 


17097*4 

*5805-45 

4 

i 1-58 

4 7 

17220*5 

*5796-35 

2 




17247*6 

*5761-10 

5 


1.57 


17353*1 

♦6764-86 

6 




17.371*9 

*5748-57 





17390 9 

*6715*31 

6 


1-56 

4-8 

17492*1 

♦oT12-10 

(i 




17601-9 

*5709-80 

7 




17608-9 

»6696-22 

6n 


1 55 


17553-8 

*5682-44 

7n 




17593-3 

*6670-22 

4 




17631-2 

*5664 28 

5 


1-54 


17649-7 

*5649-90 

5 




17694*6 

*5643*31 

3n 




17715*3 

*5642 08 

3 




17719 2 

6639-02 

3 


t) 


17728-8 

*5637-32 

4 




17734-1 

*6628-62 

3 



1) 

17761-6 

*5626-56 

6 

; 1*53 


17771-2 

*5615-00 

6s 



17804 6 

*5600-29 

4 



17861*3 

*5594-00 

6 


1 

17871 4 

*6592-44t 

7s 



1 «• 

17876*4 

*6589-63 

4n 


1-.52 

1 

17885-4 

*6688-12 

5s 




17890-2 

*5578-98 

5 




17919-6 

*6553-97 

43 




18000-2 

*6510-28 

5 s 


1-.50 


18143 0 

5504- .50 

3 




18162-1 

*5495-20 

3s 



60 

18192-7 

*5477-13 

10 

5477-20 



18252-7 

*5468-42 

2 


149 


18281*8 

*5462-71 

4 




18300*9 

*6436-10 

6s 


1-48 


18390*5 

*6424*86 

4 

1 


J, 

18428*7 

*6411-50 

4s 




18474-2 

♦5392*68 

2 

1 1-47 

5-1 

1 18538-6 

*5,388*71 

2 

j 1 


18662*2 

♦6371*64 

5 


M 

18611*2 

*5268-59 

2 

! 1*44 

11 

1897.5*1 

*5220-51 

2 

i 1-43 


19149*9 

*6216-72 

2 



1 19163 8 

*6197 40 

2 

i 1*42 

i 5 3 

1 19235*1 

6192-70 

2 

i ,, 

1 1, 

1 19262*6 


* Coincident with a solar line. 

t Solar line double ; least refrangible component due to Nickel. 
I Observed also by Exner and Haschek in the Spark spectrum. 
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Ni CKEIi— con tinned. 


(Rowland) character 
Arc Spectrum 


Previous Observations 
(Rowland) 


Reduction to 
Vacuum 


Oscillation 
Frequency 
in Vacuo 


*5186-80 
*6184-78 
*6176-73 
*5168-83 
*5158-20 
*5156-92 
*6166*34 
*5163-43 
*5146-64 
♦6142-96 
*6137-23 
*5131-94 
*5130 55 
*5129-62 
*6125 39§ 
5121-74 


5176-71 Thal6n 
5169-41 


*5115-55 

8s 

5116-00 ,» „ 

*6103-13 

4 

♦» >> 

*5100-13 

7n 

5100-66 „ »» 

*5099-50 

6s 

5099-46 „ » »> 

*5097 06 

4n 

» 1 >♦ 

*5094-61 

2 

j »» >♦ 

>♦6089-] 3 

2 

„ 

*5088-74 

2 1 

1 H ♦» 

*5084-27 

8n 1 

»> 

*6082-55 

5n i 

»» »> 

♦6081 30 

lOn ! 

6081 56 ,, »» »» 

*5080-70 

10 

5080-70 „ 

♦5080'16 

3 

; »» 

*5058-22 

2 

: 138 

♦6051 -74§ 

2n 

1 »> 1 >» 1 

♦5049-Olt 

6n 

” i - i 

♦5042-35 

5a 1 


*5038-80 

4 1 

•> »* 

*6036-65 

10 1 

6035-56 

♦5018-50 

4n i 

i 1 37 5 5 

*5017-75 

7 

6017-46 

*6012-62 

4s 

,1 >* 

*5011-11 

an 

i 

*5010 22 

2 


♦5003-92 

2 


♦6000-48§ 

6a 


*4998-42 

4 


*4997-04 

2n 


*4984-30 

7 

4984-10 „ 1*36 

*4980-36 

7 

I 4980-40 

*4976-54 

2 


*4971-54 

3 

1 n ” 

♦4963-34 

3 

! 1*35 


19274-4 
19281-9 
19311-9 
19341-4 
19381 3 
19389 9 
19392-1 
10399-3 
19424-9 
19438-8 
19460-4 
19480-6 
19486 8 
19489-7 
19505 4 
19619-3 
19542-8 
19590 4 
19601-9 
19604-4 
19613 7 
19623 2 
19644 a 
19645-8 
19663 1 
19669-8 
19674-6 
1907()-9 
19679 0 
1 9664- 1 
19689 8 
19700-5 
19726 G 
19740 6 
19753 4 
19920 8 
19923 8 
19944 1 
19950 2 
19953-7 
19978-8 
19992-6 
20000 8 
20006-3 
20057-G 
20073-4 
20088-8 
20109-0 
20182-9 


§ Solar line double I 

f Not coincident with Chromium, 5048-96. 
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REPOBT — 1897 . 

Nickel — contimied. 


Hasselberg 
Wave-length 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Redaction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

A. ■+■ 

1_ 

X 

*4946-20 

2 


1*35 

5-6 

20212*0 

*4945*63 

3n 


„ 


20214*4 

*4937*61 

4n 



5*6 

20247-5 

*493602 

4s 

4935-90 Thal6n 


>» 

20253*6 

*4925*74 

3 




20295*9 

*4918*86 

2 



»» 

20324-3 

*4918*63 

6s 

4918*40 „ 



20325*7 

*4914*15 

4n 


1*34 


20343-8 

*4912*22 

3n 


„ 

,, 

20361*8 

*4904*66 

7 

4904*70 



20383-6 

*4887*16 

3 




20456-2 

*4874*95 

2 


1*33 


20507*4 

*4873*60 

4 

4873-80 „ 

M 


20513-1 

•18T0-97t 

4 


)♦ 

n 

20524-2 

*4866*42 

7 

4866*20 

M 

»» 

20543*4 

*4864*46 

2n 


»» 


20551 7 

*4864 11 

3n 




20563-1 

*4857*67 

3 



6-7 

20580-7 

»4866'57 

6 

4856*60 „ 

»» 


20589-2 

*4862*70 

3n 


»» 


20601 4 

*4843*27 

2 



>> 

20641-6 

*4838*80 

4 


1*32 


20660-6 

*4832*86 

3 


»> 


20686-0 

*4831*30 

6 

4831*10 



20692-7 

*4829*18 

6 

4829*30 „ 



20701-7 

*4821*29 

2 



»* 

20736*0 

*4817*97 

2 


»» 


20749*9 

*4814*77 

2 


(» 


20763 7 

♦4812*16 

2 




20776*0 

*4809*05 

2 


** 


20788*4 

*4807*17 

4 



It 

20796*6 

*4792*98 

2 


1-31 


20858*1 

*4786*66 

6 

4786*64 



20885*7 

*4786*42 

2 




20886 7 

*4773*65 

2 



6-8 

20943 0 

*4764*07 

4 


1-30 


20984*7 

*4762*78 

3 


»• 

It 

20990*3 

*4766*70 

6 

4766*84 

»• 


21017-2 

*4764 96 

3 



M 

21024-9 

*4762*68 

4 


>» 


21035-4 

*4762*30 

3 



1 M 

21036 6 

*4732*66 

4 




21124*0 

*4732*00 

4 




21126*9 

*4729*60 

2 


1*29 

19 

21138*1 

*4728*06 

2 


t» 


21144*5 

1*4715*93 

6 




21198*9 

1*4714*69 

9 

471464 „ 

>» 

99 

21205 0 

*4712*24 

2 



»9 

21216 6 

1*4703*96 

5n 



6*9 

21252*8 

1*4701*72 

4 


,, 

99 

21262 9 

1*4701*62 

2 



99 

21263*8 

1*4686*391 

5s 


1*28 

99 

21332*5 

*4676-80 

2 


>1 

>9 

21380*8 


t Not coincident with Chromium, 4870*96, 4686*38. 
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N ICKEL — continued. 


Hasselberg 
Wave-length 
(Rowland) 
Arc Speotram 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

1 

Oscillation 
Frequency 
in Vacuo 

t*4667-96 

4 


1-28 6-9 

21416-7 

t*4667-16 

3 


M 1» 

21420-4 

*4655-85 

2 



21472-5 

J*4648-82 

6 

4647-88 Thalen 

1-27 

21504-9 

♦4647-47 

3 



21511-2 

*4618-22§ 

3 


« 6-0 

21647-4 

*4614-86 

2 


1 26 

21663-2 

t*4606-37 

5 



21703-1 

{*4605-15 

8 


>» 

21708-8 

{*4600-61 

6 


»» »» 

21730-7 

t4596-ll 

4n 



21751-5 

$*4696-07 

4 



21 756-5 

{•4592-69§ 

7 


»» »» 

21767-7 

*4580-77 

3 


1-25 

21824-1 

4567-69 

2 



21887-4 

*4560-10 

4 


6-1 

21923-2 

*4553 37 

3 



21956-7 

1*4661-45 

4 



21964-9 

1*4547-44 

5 


*» M 

21984-3 

{*4547-14§ 

4 



21985-7 

{*4520-20 

5s 


1-24 

22116-8 

{M613-20 

4 



22151-1 

4606-53 

2 


»» 

22183-9 

*4490-71 

4n 


1-23 6-2 

22262-0 

♦4481 30 

2n 



22308-8 

1*4470-61 

8 



22362-1 

{*4466-54 

4 


1 22 ” 

22382-5 

{*4463-67 

4 


»» n 

22397-4 

{♦4462-59 

8 



22402-3 

{*4469-21§ 

9 


*> it 

22419-3 

4450-44 1 

2 



22463-6 

4460-29 

2 



22464-2 

$4442-61 

4 


it it 

22603-1 

4441-64 

2 


it it ' 

22608 0 

$4437-75 

4 



22527-7 

$*4437-17 

6 



22630-4 

4423-24 

3 


1-21 6-3 

22601-6 

$*4410-70 

6n 


M it 

22665-8 

{*4401-70§ 

9 


it it 

22712 2 

*4401-02 

4 



22716-7 

*4399-75 

4 


it a 

I 22722-3 

$*4398-78 

2 



22727,3 

4390-47 

3n 


1-20 

22770-3 

$*439000 

4 


»» M 

22772-7 

$4386-62 

3a 



22790-3 

$•4384-68 

5 


if n 

22800-4 

4383-05 

2 



22808 9 

*4370-21 

3n 


!! !» 

22876 9 

$*4368-45 

4 


6-4 

22885-0 

{*4369-7311 

6s 


it it 

22930-8 


§ Solar lino f 4618-22 Ni / 4592-70 Ni f 4547-15 Ni / 4469-20 Ni / 4401-70 NI. 

double \ 4618-16 \ 4692-80 Fe 1 4547-25 Fe 1 4459-30 Fe [ 4401-60 

f 4359-80 Ba. 

11 Solar line triple \ 4369-78 Cr. 

[ 4359-73 Ni. 
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REPORT — 1897 


N ICKKL — continued. 


Hasselberpr 
Wave-lenjjtth 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Measurements 
(Rowland) 

Reduc 

Vac 

\ + 

tion to 
uum 

1 

Oscillation 
Frequency 
in vacuo 

1*4356-07 

4n 


1-19 

6-4 

22960-1 


14331-78 

6 . 



,, 

23078-8 


*4330 85 

5 


„ 


23083-8 


*4325-75 

5s 




23111-0 


*4325-49 

3n 



,, 

23112-4 


*4307-40 

3 


1-18 

6-5 

23209 4 


*4298-94 

2 




23255 0 

1*4298-68 

3 



M 

23256 5 


*4297-15 

2 




23204-7 


*4296-06 

6 



ty 

23270 6 


*4288-16§ 

7 


>» 

>> 

23313-5 


*4284-83 

5 




23331-6 


*4252-25 

2 


1-17 

66 

23510-4 


4236-55 

3 


1-16 


23597-5 


14231-23 

4 



»» 

23627-2 


4221 87 

2 




23679 6 


4202-33 

2 


1-15 


23789-7 


*4201-88 

5s 




23792-3 


*4200-61 

4s 




23799-5 


*4195-71 § 

5 



6-7 

23827-2 


14184-65 

3 




23890-2 


14167-16 

3ii 




23990 5 

1 

*4164-82 

28 


M4 

»» 

24003-9 

i 

*4150-55 

3 




24086-5 


*4143 12 

2 



6-8 

24129 6 


*4142-47 

4 




24133 4 1 


*4142 34 

2 




24134-1 i 


14138 07 

2 


ft 

ft 

24155-6 i 


4123-96 

2 


1-13 


24241-7 1 

1*4121-48 

6 s 




24256-3 

1*4116-14 

4 




24287-8 


4104-37 

2 




24357 5 

1*4086-30 

2 


1-12 

: 6-9 

24465-1 


4075-75 

3n 




24528 5 


407505 

3 s 




24532 7 


4073-08 

2 


5) 


24544 5 


4069-39 

2 



») 

24566 8 


4064-65 

4 




24596-1 


14057-45 

2 t 




24639-1 


4046-91 

i 


Ml 

fo 

24703-2 


•4025-26 

3 


,, 

„ 

24836 1 

14022-20 • 

2 j 


,, 

,, 

24855-0 

1*4019 20 

3 1 




24873-6 


1401705 

4n 1 




24883-2 


14010-14 

3 


1-10 

>> 

24929-8 

1 

*4006-30 

4 




24953-7 


*3995-45 

7 



7-1 

25021-4 


3994-13 



>. 

; 

25029-5 


13984-18 

■In 



l» 

25092-1 


13974-83 

4n 


1'09 


25151-2 

‘ l*3973-70§ 

8 


1 

»» 

»» 

25168-4 


§ Solar line double 


1 4288-15 r 4195 77 Fe / 3973-81 Fe. 
1 4288-05 t 4195 71 Ni 1 3973-70 Ni. 
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N ic KEL — continued. 


Hasselberg 
Wave-length 
(Rowland) 
Arc Spectrum 


^♦3972-31 
J3970'65 
3954-01 
^3941-25 
J39 14-65 
•|:*39 13-12 
♦3912-44 
♦3909-10 
■j:^^3905 67 
{♦3889 80 
{♦3871*73 
{♦3863-21 
♦ 3858 - 40 $^ 
:j:*38n-7i 
♦3844 40 
J*3833 02 
^.*3832-4 4 
{*3831 82 
3829-49 
+♦3811 46§ 
*3807 SO'it 
^-^3793 75 
{♦3.792 48 
♦3783-67tt 
♦3778-22 
♦3775-71 It 
1*3772 70 
♦3769-5811 
♦3762 76 
♦3749 15§ 
♦3744-68 
♦3739-89 
;*3739 36t 
1*3736 94 
{♦3730 88 
*3729 05 
1*3724-95 
♦3722-63 
♦3715 61 
♦3713 87 
♦3713-49 
1*3697-04 
{<^3694-10§ 
{♦3688-58 
3683 65 
l*3674-28§ 
{♦3670-57 


Intensity 

and 

Character 


5 

4n 

3n 

7ti 

2 

4 

3ii 

3n 

3 

5 s 
3 
5 

9r 

3 

3ii 

4 


8 

6s 

ns 

8 

3 
9 
5s 
2 

4 
4s 


7s 

3 


6 

3 
2 
2 
2 

4 
5s 
2 
7s 
6s 


Previous Observations 
(Rowland) 


3858-42 L. Sc D. 

3832 32 

3807-22 

3783-62 
3775 62 
3769-50 

3736-70 

3724-80 

3688-19 

3673-99 
3670 29 


Reduction to 
Vacuum 


109 


108 


1-07 


06 


05 


04 


03 


-02 


7-1 

7-2 


73 


7-4 


75 


76 


Oscillation 
F req lency 
in Vacuo 


7-7 


25167-2 
25177-7 
25279-7 
25346-2 
25537-9 
25547-9 
25552 3 
25574-0 
25596-5 
25701-0 
25821-0 
25880 0 
25910-2 
26002 5 
26004-6 
26081-8 
26085 7 
26090-0 
26105-8 
26229-3 
26257-9 
26351-7 
26360 6 
21)422-0 
26460 1 
26477*7 
26498-7 
26520-7 
26568-7 
26665-2 
26697-1 
26731-3 
26735-0 
26752-4 
26795 8 
26809 0 
26838-4 
26855-1 
26905-9 
26918-5 
26921-2 
27041-1 
27062-6 
27103 1 
27139-3 
27208 5 
27236-0 


§ 

■t 


Solar lino f 3811-66 Ti f 3694-20 Fe f 3674-28 Ni. 
double 1 3811*46 Ni 1 3694-10 Ni { 3674*18 Fe. 
r 3739 46 Fe. 

Solar line triple 4 3739*36 Ni. 

3739-26 Fe. 


It Exner and Ilaschek’s numbers: 8868-49, 3807*28, 3783*64, 3776*71, 3769*63. 

1S97. « 
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REPORT — 1897 . 

N iQKYAx— continued . 


Hasselberg 
Wave-length 
(Rowland) 
Arc Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 

A.+ 

1_ 

x 

in Vacuo 

.| 

*3669*38§ 

4s 


1-02 

7-7 

27244*9 


:*3668-35 

2 


tt 

it 

27252*6 

■ 

^*3664-2411 

6s 

3663-99 L. k D. 

it 

99 

27283-1 

• 

:*3662-10 ■' 

4s 


♦» 

»» 

27299-0 


13644-13 

2 


1-01 

„ 

27433-7 


13642-68 

2 


>» 

„ 

27445-4 

j 

*3641-78 

3 




27451-4 


*3635-10 

4s 

3635-49 

if 

7-8 

27501-8 


*3630-04 

3 


», 

„ 

27540-1 

J 

♦3624-87S 

6s 

3624-68 

,, 

,, 

27579-4 


*3619-6211 

lOnr 

3619-38 

,, 


27620-2 

I 

*3612-86 

7 

3612 68 „ 

1-00 

„ 

2767M 

: 

*3611-58 

2 


IS 

19 

27680-0 


*3610-6011 

4r 

3610 38 

19 

99 

27688-4 


*3609-44 

6 


19 

,, 

27697-3 


:*3607-02 

2 


99 


27715-0 


:*3602-41 

6 


9P 

,, 

27751-4 

♦3597-84tt 

7n 

3597-5S 

it 


27780 7 

t*3688.08 

5s 


if 

79 

27862-2 

*3577-37 

2 


0-99 

11 

27945-6 

*3671-9911 

7nr 

3571 78 

99 

„ 

27987-7 

*3666-5011 

9nr 

3566 27 


»» 

28030-8 

;| 

:*356]-91 

4s 

3561 (>7 ,, 

„ 

„ 

28073-3 

; 

:*356008 

2 



„ 

28081-4 

; 

*3653-63 

4 

3553-37 

„ 

,, 

28132-3 


*3551-66 

5 

3551-37 

if 

8-0 

28147-8 

t*3548-34§§ 

5 

3548 07 

)» 

„ 

28174-2 

*3533-89 

2a 


0-98 


28289-4 

i 

♦3530-73 

3 

353,0 47 

„ 


28314-8 

• 

♦3529-76 

2 

1 ! 

„ 

,, 

28322-5 

■ 

*3529-03 

3 ! 



,, 

28328-4 

1 

*3528-13 

6 j 


,, 


28335-6 

*3624-65tt 

lOnr i 

3524 46 „ 

V 


28363-6 

*3523-19 

3 


»» 

„ 

28375-4 

*3519-90tt 

6 

3519-66 

„ 

,, 

28401-0 

t*3518-80 

4 

3518-56 ,, 

,» 

,, 

28410-8 

t^35l6-35 

4 


,, 


28430-6 

♦3616-1711 

9nr 

3514 06 


,, 

28440 1 

*3514-0611 

5 


it 


28449-1 

*3510-4711 

8nr 

3510-26 

,, 

8-1 

28478-1 


|:*3507-85 

4s 

3507*86 „ 

„ 

5, 

28499-4 


t*3502-76 

4 


,, 

,, 

28540-8 


♦3501-0011 

() 

3500*55 ,, 

„ 

,, 

28565-2 

1*3496-50 

2 


0-97 

,, 

28591-9 

*3493-1011 

9nr 

3492-8r> 


„ 

28619-8 

1*348604 

6 

3485-75 



28677-7 


§ Solar line r3973-81 Fe / 3811-56 Ti f 3694-20 Fe f 3674-28 Ni f 3669-37 Ni. 
double 1 3973-70 Ni [ 3811*46 Ni 1 3694-10 Ni 1 3674-18 Fe 1 3669-30 Fe. 
Exner and Haschek’s numbers: 3619-52, 3610-55, 3597-7H, 3571-96, 3566-50, 
3521-60,3519-90, 3515 15, 3514-10, 3510-45, 3601-00, 3493-15. 

§§ Also Manganese. 
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Nickel — continued. 


Hasselberg 
Wave-length 
(Rowland) 
Arc Spectrum 


*3480-36 

*3479-43 

*3478-48 

*3472-68^$ 

t*3469-64 

t*3467-63 

J*3462-96t 

*3461-78it 

*3458-59tt 




Reduction to 


Intensity 

Ih-evious Observations 

Vacuum 

Oscillation 

and 

Character 

(Rowland) 


1 

\ - 

Frequency 
in Vacuo 

2 


0-97 

8-1 

28724-6 

2 




28732-2 

2 




28740-1 

7nr 

3172-15 L ScB. 



28788-1 

5s 

3469-46 

99 

8-2 

28813-2 

6s 

3467*35 



28829-9 

2 


99 


28872-7 

8nr 

3461-66 

19 


28878 7 

1 

3468*45 

0-96 


28883-3 


Spark Spectrum. 


Exner and 
Haacbek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
P'requency 
in Vacuo 

A + 

1_ 

A 

3458-61 

8 


0 96 

8*2 

28906*0 

3454*2 

4 


,, 


28942 

3453*5 





28948 

3452 92 

7 



28962-8 

3450 6 

- ; 



28972 

3449-5 



11 

28982 

3449-2 

4 ' 

,, 

»» 

28984 

3448-6 

2 ' 

,, 


28990 

3446-34 

8 

1 „ 


29008*1 

3444-4 

2 

1 

99 

29026 

3444 0 

2 

' ,, 

99 

29028 

3413 0 

o 


,, 


29036 

3442-6 

2 



99 

29042 

3439-0 

2n 



99 

29070 

3435 6 

2 




29099 

3433-66 1 

7 


99 

,, 

i 29115-3 

3427-8 1 

2 


9 9 

8*3 

29165 

3426 3 I 

2 




29178 

3423-76 

7 




29199-4 

3122-8 ' 

•) 



29208 

3422-4 1 

2 1 



29211 

3421-4 1 

4 i 

99 


29220 

3420*8 i 

2 

99 

99 

29226 

3414 83 

8 i 

0*95 

99 

29275-7 

3414 0 

4 


99 

29283 

3413-5 

5 

99 

99 

29287 

3412 6 

2 


99 

29295 

3412*1 

2n 

19 

99 

29299 

3411*1 

2n 1 


99 

29308 

3409-6 

4 



99 

29322 

'3409*1 

4 


1 

29326 


Exner and Has(^bek's numbers: 3472*59, 3461-72, 3458*51 
-j- Probably due to Cobalt. 
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REPORT — 1897. 

Nickel — contimied. 


Exner and 
daschek | 
Wave -length 
(Rowland) 
Spark Spectrum 

Intensi 

and 

Charact 

3407-4 1 

5 

3403-5 1 

6 

3401-8 1 

2 

3401-3 

4 

3396-3 

2 

3393 05 

7 

3391-2 

6 

3385 7 

2 

3381-1 

6 

3380-62 

7 

3376-4 

2 

3374-8 

5 

3374-4 

6 

3374-1 

6 

3372-1 

6 

3369 66 

7 

3367 9 1 

2 

3366-9 I 

4 

3366-3 1 

6 

3365-9 

6 

3364-7 

2 

3364-0 ' 

2 

3363 8 

2 

3362 9 

2 

3361 7 

5 

3359-3 

4 

3350-5 

4 

3315-1 

2 

3339-1 

2n 

3336-1 

2b 

3327-5 1 

2 

3327-0 

2 

33*22-4 I 

i 6 

3320-9 1 

1 ^ 

3320 3 

i ^ 

3315-7 

6 

3313-1 

1 2 

331-2 3 

4 

3310-2 

I 2 

3309-5 

i 2 

3306 9 

1 2 

3305-0 

2 

3302 6 

2n 

3301-8 

2n 

3299 2 

2b 

3296 3 

2 

3293-8 

2 

3290-7 

2 

3288 5 

2b 

8287-1 

4 

3286-0 

2n 

3286-1 

o 

3284-5 

2 

3282-8 

5 

3281-9 

4 


Previous Observations 
(Rowland) 


Reduction to 
V'ii uum 

; 1 

1 

Oscillation 

P reciuency 
in Vacuo 

0-95 

8-3 

29340 



29374 



29388 

i 


29393 


8-4 

29436 



29463-6 



29480 



29628 



29568 



29572-0 

0 94 

tt 

29609 j 
29623 ’ 
29627 I 



29630 


t| 

t» 

29647 

29668-2 

29684 

29093 

29698 



29702 



29712 



29719 



29720 

29728 



29739 


85 

29760 

29838 

29886 



29940 

0 93 

„ 

It 

tt 

It 

*» 

It 

8-6 

II 

II 

II 

II 

29967 ; 

30045 1 

30049 ' 

30090 

30103 

30109 

30161 

30174 

30182 

30201 

30207 

30231 

30248 

30270 

30278 

0-1)2 

It 

It 

11 

II 

11 

tl 

M 

It 

sV 

11 

30301 

30328 

30351 

30380 

30400 

30413 

30423 

30431 

30437 

30463 

It 

II 

30461 
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Nickel — continued. 


Exner and 
llaschck 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Observations 
(RoAvland) 

Reduction to 
Vacuum 

Oscillation 
Eroquency 
m Vacuo 

A + 

1 

A~ 

3280-7 

2 1 

0 92 

8-7 

30472 

3276-7 

2b i 


99 

30510 

3276-0 

2 1 

,, 

99 

30526 

3274 0 

6 

! M 

99 

30536 

3273-G 

2ii 

! It 

99 

30538 

3271-2 

5 . 

1 M 

99 

30561 

3269-0 

2 

i „ 

19 

30681 

3268-2 

2 


99 

30589 

3261-9 

2n 


99 

30648 

3261-1 

2n 


,, 

99 

30656 

3259-0 

2n 


0-91 

99 

30675 

3256-1 

2 


„ 

19 

30703 

3250 H 

6 



88 

30753 

3249 5 

4 


99 

30765 

3248 6 

5 

1 

99 

30773 

3247-72 

7 

1 !! 

99 

30782-0 

3215-5 

2n 

•I 


30803 

3243-22 

7 


99 

30824-8 

3242 0 

2 


19 

30876 

3237-1 

2 


91 

30883 

3236 1 

2n 

! 

99 

30890 

3235 8 

2 


99 

30895 

3234-8 

6 

o 

99 

30905 

3234-0 

2 

M 

99 

30812 

3233-11 

7 


99 

30921-2 

3231-6 

2 


99 

30935 

3227 2 

4 

>> 

99 

30978 

3225-2 

6 


99 

30997 

3224 0 

2 


99 

31008 

3223-7 

4 


19 

31011 

3221-8 

5 

99 

„ 1 31030 

3221-4 

6 

91 


31033 

3220 2 

2 

0 90 


31045 

3220-0 1 

2 

It 


31047 

3219 5 

2 I 


»* 

31052 

3217-93 i 


i ” 


31067-1 

3216-9 i 

4 1 



31077 

3216 7 i 

2n 

j 

80 

31088 

3214 1 

6 , 


tt 

31104 

3213 5 ' 

4 1 



31110 

3212-5 ! 

2 1 


„ 

31119 

3210 1 ' 

4 

>9 


31143 

3209-1 

2 1 

99 

It 

31152 

3207-1 

2 

19 

It 

31172 

3205-4 

2 i 


,, 

31188 

3204 7 

2 1 



31195 

3202 3 

6 


,, 

31219 

3200-6 

4 

i ,, 


31236 

3199-5 

2 

1 » 

II 

31246 

3197-3 

5 

1 ” 

It 

31267 

3195-7 

4 

1 1) 

It 

31283 

3196-4 

2 




31286 

3196-1 

2 


99 


31289 

3192 2 

2b 


" 


31317 

3191-3 

2 




31326 
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RETORT — 1897 , 

N ICKEL — continued. 


Exiier aiitl 
Haschek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

\ + 

1 

A. 

3189*9 

2ii 


0*90 

8*9 

31340 

3187*8 

2n 




31361 

3186*7 

2n 



,, 

31371 

3186*3 

2 




31375 

3184*5 

4 


19 

II 

31393 

3183*4 

2 


»» 


31404 

3183*2 

2 



11 

31406 

3181*9 

4 


0 89 

11 

31419 

3179*7 

2n 


99 

9*0 

31441 

3179*0 

2n 



99 

31447 

3177*5 

2 



,, 

31462 

3177*0 

2 


,, 

11 

31467 

3176*4 

2 



99 

31473 

3174*2 

2ii 


19 

,, 

31495 

3170*8 

2 



99 

31529 

3166*5 

2 


99 

99 

31572 

3166*6 

2 



,, 

31581 

3165*0 

2 


»♦ 

11 

31687 

3164*4 

2 



99 

31693 

3159*7 

2 



99 

31640 

3164*8 

2 


99 

99 

31689 

3153*6 

2n 



99 

31702 

3153*0 

2 




31707 

3151*6. 

2a 




31722 

3149*6 

2 




31742 

3146*4 

2 


99 

9*1 

31773 

3145*8 

4 



99 

31779 

3146*3 

2 


*» 

11 

31784 

3134*26 

8 


0*88 


31896*4 

3133 0 

2b 


99 

,, 

31909 

3129*5 

4 


99 

,, 

31945 

3127*8 

2n 


99 

,, 

31962 

3127*3 

2n 



„ 

31967 

3121*7 

2n 


99 


32026 

3121*0 

2b 


99 

11 

32032 

3116*8 

2 


99 

11 

32075 

3114 3 

() 


99 

92 

32101 

3107*8 

2 



99 

32168 

3105*6 

4 


99 


32191 

3102*00 

8 


99 


32228*1 

3101*61 

8 


0*87 


32232*1 

3099*2 

6 


f) 

99 

32257 

3097*2 

5 


It 

99 

32278 

3094*4 

2 



99 

32307 

3089-9 

2 


It 

99 

32366 

3088*3 

2n 




32371 

3087*2 

6 


II 


32383 

3080 82 

7 



9*3 

32449*6 

3066*6 

2 


11 

II 

32600 

3064*75 

7 



II 

32619*8 

3064*1 

2 


•1 

II 

32627 

3067*72 

8 


0*86 

11 

32694*8 

3054*40 

7 


II 

11 

32730*4 

3060*88 

8 


It 

9*4 

32768*0 

3047*2 

2 


t> 

tt 

32808 
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continued. 


Exner and 
Haschek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 


Redaction to 
Vacuum 

(Rowland) 

K-\- 

1 

\ 

3046*1 

5 


0-86 

9*4 

3038-05 

7 




3035*6 

2 




3032*6 

2 




3032-0 

6 


»» 


3031-3 

2 



99 

3029*6 

2 




3026-0 

2 




3024*2 

2 


M 

9-5 

3020*0 

2 


0-85 


3019-3 

6 


99 


3012 10 

8 


99 

99 

3008-2 

2 


19 


3003-73 

8 


99 


3002*60 

8 




3092*66 

7 


»» 

9 6 

3091*3 

2 


99 


3088*1 

4 




3087 3 

2 




3086*8 

2 


«> 


3085-0 

2 




3084-3 

5 


19 


3083*6 

4 


99 

99 

3081*8 

6 


0-84 


3076*8 

2 


»» 


3073*8 

2 


n 


3066 5 

2b 


99 

0-7 

3061-5 

2 


91 


3068-6 

2 


99 


3055-2 

2b 


99 


3047-6 

4 




3044*1 

6 



9-8 

3042-9 

2 


0*83 

»» 

3034-8 

2a 


99 


3022*3 

2n 


91 

n 

2921*3 

2b 


99 

9 9 

2919-2 

2b 


19 


2917-1 

2b 


99 


2914*2 

2 


59 


2913-7 

6 


99 


2912-3 

2 


99 


2907-6 

4 



’’ 

2906-0 

2n 



i« 

2900-3 

2n 


0*82 

n 

2897*2 

2ii 


>» 


2892-5 

2n 


M 

10 0 

2891-4 

2n 


*> 

1* 

2883-8 

2b 


»I 

»» 

2882-5 

2b 



n 

2881-6 

2 


I > 

n 

2881*3 

2n 



M 

2873*3 

2 


M 

n 

2870 0 

2 


It 

10*1 

2868*7 

2 



n 

2866-5 

2 


»» 

i» 


Oscillation 
Frecmency 
in Vacuo 


32831 

32906-4 

32936 

3296G 

32973 

32980 

33000 

33038 

33058 

33104 

33111 

33189-9 

33233 

33282*4 

33295-0 

33406-6 

33420 

33466 

33466 

33482 

33491 

33499 

33507 

33627 

33583 

,33617 

33711 

33767 

33791 

33829 

33916 

33956 

33970 

34064 

34210 

34221 

34246 

34271 

34305 

34311 

34327 

34383 

34402 

34469 

34506 

34662 

34676 

34666 

34682 

34693 

34697 

34793 

34833 

34849 

34888 
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REPORT — 1897. 


Nickel — continued. 


Exner and 
Hascbek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

A. + 

>^1 1- 
1 

2864-2 

2n 


0 81 

10-1 

34904 

2863-7 

6 


>5 

ff 

34910 

2861-6 

2b 



It 

34935 

2868-2 

2 



,r 

34977 

2857-5 

2b 


»» 

9f 

34986 

2866-6 

2 



,t 

35009 

2863-6 

2b 




3503)3 

2862-2 

4 


ft 

„ 

35051 

2861-1 

2b 


.* 

n 

36064 

2849-8 

2b 




35080* 

2846-0 

2n 

• 


10-2 

35127 

2843-8 

2b 



n 

351 54 

2842-6 

6 



M 

35170 

2840-7 

2n 



11 

3519.1 

2839-0 

2 


,, 

,, 

3521 1 

2837*3 

2n 




35235 

2836-6 

2b 



,, 

3.5243 

2836-6 

2 


9 9 

,, 

35256 

2836-2 

2b 


„ 


35261 

2834-6 

2 



„ 

35268 

2832*4 

2 



„ 

36296 

2831-6 

2 



„ 

35306 

2829-2 

2 


n 

19 

35336 

2826-3 

4 


,, 

91 

3.5381 

2823*9 

2n 


0-80 

10-3 

35402 

2823-3 

2 


„ 

n 

3.5410 

2821-3 

4 


,, 

ff 

35435 

2816-4 

2n 


,, 

11 

35196 

2815-6 

2n 




35506 

2814-3 

2 



„ 

35523 

2813-3 

2n 



II 

3.5535 

2812 3 

2n 


ft 

„ 

35548 

2810-3 

2b 


„ 

II 

36673 

2808-3 

2 


»» 

,, 

35599 

2807-6 

2n 


If 

II 

3.5608 

2806 7 

4 


,, 

It 

35632 

2804-8 

2 


n 

fr 

35643 

2802 74 

7 


,, 

II 

35r)()9'l 

2802-3 

2 



If 

35675 

2801-2 

2 


i» 

>* 

35689 

2800-9 

2n 


i> 

,, 

35693 

2798-7 

4 



10-4 

3.5721 

2798-3 

2 


» 

n 

35726 

2798 1 

2 


»> 

11 

36729 

2795-59 

7 



„ 

36760-2 

2794-9 

4 




3.576?) 

2790-8 

2n 




35822 

2785-5 

2b 


, ,, 

,, 

3.5890 

2779-8 

2 


0-79 

,, 

3.5964 

2775-4 

2b 


i> 

10*5 

36021 

2771-6 

2n 


„ 

II 

36072 

2770 2 

2 




36088 

2769-0 

2b 


?» 


36104 

2760-7 

2 


i> 

„ 

36213 

2769*0 

2b 


II 

t, 

36235 
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Nickel — continued. 


Exner and 
Haschek 
Wave-length 
( Rowland) 
Spark Siiectrum 

Intensit}^ 

and 

Character 

2746-8 

2 

2743-1 

2 

2737-7 

2 

2735-6 

2 

2726-0 

2n 

2723-7 

2 

2722-9 

2 

2722-4 

2 

2721-2 

2 

2711-9 

2 

2710 7 

2 

2710-4 

2 

2708 8 

2n 

2707-7 

2 

2706 6 

2 

2705-6 

2 

2703 1 

2 

2700-4 

2n 

2699 3 

2q 

2696 6 

2 

2696-5 

2 

2693-2 

2 

2690 7 

2b 

2689 8 

O 

2684-6 

4b 

2682-4 

2b 

2680-4 

2 

2679 2 

2b 

2674-8 

2 

2674 6 

2 

2673-3 

2n 

2670-4 

2 

2666 9 

2n 

2G66-1 

2 

2666-9 

2 

2665 3 

4 

2669-6 

2n 

2666 9 

2n 

2656 4 

2n 

2652-6 

2b 

2650 8 

2b 

2647-0 

2b 

2642 0 

2b 

2641-3 

2b 

2639 8 

2 

2639-5 

2q 

2638-2 

2 

2637-2 

2b 

2633-0 

2n 

2632-6 

2n 

2631 6 

2n 

2631-6 

4 

2631-2 

4 

2630-4 

4 

2629-7 

2 


Previous Observations 
(Rowland) 


Reduction to 
Vacuum 

Oscillation 
Frequency- 
in Vacuo 

A + 

1_ 

\ 

0-79 

10-6 

36396 



36444 

0-78 

•• 

36616 

36545 


10-7 

36686 


*♦ 

>» 

36704 

36715 

36721 


>> 

36737 

36864 



36880 



36884 



36906 

- 


36921 

36936 



36949 


10-8 

36984 



37021 



37036 

0-77 


37073 



37088 



37120 



37154 


- 

37166 

37240 



37269 



37297 


109 

37314 



37375 



37379 



37396 



37437 



37486 



37497 

»’ 


37600 

37508 



37689 



37641 



37648 

0-76 

11-0 

37689 

»* 

i> 


37713 

37768 

37839 

37849 

37871 



37875 



37894 



37908 



37068 



37976 


ii-1 

37989 



37990 

37994 



38006 

„ 


38016 
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REPORT — 1897. 


Nickel — continued. 


Exner and 
Haschek 
Wave-length 
(Rowland) 
Spark Spectrum 


2629*4 
2626*5 
2623*1 
2622*1 
2618-9 
2616*3 
2613 9 
2611*7 
2610*7 
2610*2 
2606*5 
2605*7 
2603*9 
2603*6 
2602 8 
2601*2 
2599*1 
2697*7 
2592*8 
2589*8 
2589 6 
2589 0 
2538*4 
2588*1 
2587*6 
2584*1 
2583*4 
2578*5 
2671*0 
2569 8 
2566*2 
2563 8 
2561*6 
2660*3 
2668*7 
2558-0 
2556*8 
2555*2 
2553*0 
2661*1 
2660*7 
2650 0 
2549*4 
2648*8 
2547*6 
2547*3 
2546*00 
2543*6 
2641*3 
2640*8 
2640*3 
2539*2 
2636*1 
2536*7 
2636*3 


Intensity 

and 

Character 


2 

2b 

2 

2 

2b 

4b 

2 

2 

2 

4ii 

4b 

4 

2 

2 

2 

4b 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

2 

2 

2n 

2n 

4n 

2 

2 

2n 

2 

2 

2b 

2n 

2b 

2 

2 

2 

4 

2 

2 

2 

7 

2 

2 

2 

2 

4 

2 

2n 

2n 


Previous Observations 
(Rowland) 


Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

A 

A 

0*76 

19 

11 1 

11 

11 

>1 

38020 

38062 

38112 

38126 

38173 

38226 

11 

11 

0*75 

11 

11 

11 


38246 

38278 

38293 

38300 

11*2 

11 

11 

11 

11 

38365 

38366 

38393 

38397 

38409 

38433 

38464 

11 

11 

11 

11 

If 

11*3 

38485 

38557 

38602 

38605 

38614 

38623 



38627 



38635 



38687 



38698 



38771 

38884 

38903 


llU 

38957 

0*74 


38994 

39027 



39047 

11 

” 

39071 

39082 

39100 



39125 

39159 

39188 

- 

I M 

39194 

39205 

11 

11 5 

39214 

39223 

39243 

39246 

39266*8 

39306 



39339 

’’’ 

’’ 


39347 

39354 



39371 



39420 



39426 

It 


39432 
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Nickel — cowtinned. 


Exnev and 



Reduction to 



Vacuum 

Haschek 

Intensity 

and 

Previous Observations 
(Rowland) 



Vave-length 


1 

(Rowland) 

Character 



)ark Spectrum 



A 

2533-6 

2 


0-74 

11-5 

2532-2 

2 



li-6 

2629 1 

2 



2528-1 

2 



” 

2627-6 

2 




2524-3 

2 




2522-9 

2 


” 


2621-7 

2 



” 

2621-4 

2 



” 

2621-2 

2 




2619-3 

2ii 


” 


2618-2 

2 


0-73 1 


2617-9 

2 


” 

2616-2 

2 


” ! 


2614-7 

2n 



liW 

2610-92 

8 


” 1 

2606-8 

2 


»» 1 


2605-8 

5 


1 

n 

11-8 

2492-1 

2 


” 

2491-2 

2 



” 

2490-8 

2 


1? 

” 

2490-7 

2 


n 


2484-3 

4n 


i> 


2483-3 

2 




2482-7 

2n 



9» 

2482-2 

2ii 



M 

2480-2 

2 




2479-9 

2 


I' 

>> 

2478-6 

2 


n 


2476-9 

2 



11 9 

2473-1 

6 



2472-1 

2 


»» 


2470 6 

2 


0-72 

” 

2466-8 

2n 


11 

2465-3 

2 

I 

1 


11 

2461-9 

2461-3 

2 

2 


n 

11 

12 0 

2456-6 

2 



11 

2454-0 

2 



»1 

2462-4 

2a 



91 

2461-1 

2n 


n 

11 

2449-1 

2 


• » 

11 

2448-3 

2 


») 

11 

2446-6 

2 



11 

2444-6 

2 



12-1 

2441-8 

2 



2441-7 

2 




2439 3 

2 




2439-1 

2 


»» 


2437-92 

7 



»> 

2436-7 

2 




2433-6 

4 


l» 

1) 

2432-9 

2 



»» 

2432-6 

2 




2432-3 

2 


IS 

II 


Oscillation 
Frequency 
in Va«uo 


39469 

39480 

39628 

39643 

39661 
39603 
39626 

39644 
39649 

39662 
39682 
39699 
39704 
39730 
39764 
39814-3 
39879 
39896 
40115 
40129 

40136 

40137 
40241 
40257 
40267 
40276 
40307 
40312 
40333 
40361 
40423 
40439 
40464 
40526 
40561 
40607 
40617 
40713 
40738 
40764 
40786 
40819 
40833 
40878 
40894 
40941 
40943 
40983 
40987 
41006-6 
41027 
41079 
41091 
41096 
41101 
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Exner and 
Haschek 

Wa e-length 
(Rowland) 
Spark Specti i\m 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reducl 

Vaci 

A + 

ion to 
mm 

1_ 

A 

Oscillation 
Frequency 
iu Vacuo 

2431-6 

2 


0-72 

12-1 

41113 

2429-2 

2 


„ 

,, 

41164 

2428-4 

2 


„ 


41167 

2426-0 

2 



12-2 

41225 

2424-1 

2 




41240 

2423 7 

2 




41247 

2423-4 

2 


»» 


41252 

2422-8 

2a 




41263 

2421-3 

2 


0-71 

»» 

41288 

2420*8 

2 


„ 

tt 

41297 

2419-4 

2 


„ 

>> 

41321 

2417-7 

2 



55 

41350 

2416-18 

7 


M 

5> 

41376*5 

2414-1 

2 




41411 

2413-3 

2 


„ 

»> 

41425 

2413-1 

4 



„ 

41428 

2412-3 

2 



12 3 

41442 

2411-6 

2 


„ 

tt 

41454 

2410-6 

2 


„ 

tt 

41471 

2409-7 

2 




41487 

2408 8 

2 



tt 

41502 

2408-6 

2 



55 

41508 

2407-7 

2 


,, 

55 

41521 

2407-3 

2 


„ 

55 

41528 

2406-9 

2 


» 

>» 

41535 

2406-4 

2 



tt 

41644 

2405-2 

6 




41566 

2404-2 

2 



„ 

41582 

2403-6 

2 




41692 

2401-9 

2 


»> 

tt 

41622 

2398-2 

2 



tt 

41686 

2395-8 

2 


„ 

j 12-4 

41728 * 

2394 7 

4 


>> 

55 

41747 

2394-49 

7 



11 

41760-1 

2392 6 

4 


,, 

55 

41784 

2392-1 

2 



tf 

41792 

2389 6 

2 



»> 

41838 

2389 3 

2 


„ 

55 

41841 

2387-7 

4 



55 

41869 

2386-7 

2 

- 

55 

41887 

2386-6 

2 



55 

41889 

2386-4 

2 




41892 

2385-6 

2 



55 

41906 

2385-0 

2 



,, 

41917 

2384-9 

2 



55 

41918 

2383-6 

4 




41943 

2382-0 

4 


ft 

12-5 

41970 

2379-6 

2 


ft 

M 

42012 

2378-7 

4 



n 

42028 

2376-0 

2 


tt 


42076 

2376-4 

6 



tt 

42086 

2372-2 

2 


0-70 

tt 

42143 

2369-3 

2 


n 

tt 

42195 

2368-7 

2 


»> 

12-6 

42204 

2367 5 

4 



1 

42226 
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Exner pnd 
Haechek 
Wave-length 
(Rowland) 

Intensity 

and 

Character 

Previous Observations 

Reduction to 
Vacuum 

Oscillation 

(Rowland) 

\ + 

1_ 

Frequency 
in Vacuo 

Spark Spectrum 



A 


2366*7 

4 


0*70 

12 6 

42240 

23660 

2 


„ 

t> 

42252 

2365 8 

2 



M i 

42256 

2363 9 

4 



„ i 

42290 

2362 2 

2 



” i 

42320 

2360*5 

2 



M 1 

42351 

2360 2 

«) 


” 

• » 1 

42356 

2360 0 

*> 



M 1 

42360 

2359 0 

2 



n 1 

42378 

2358*8 

2 



M ! 

42381 

2356*9 

2 


„ 

»t 

42414 

2356*5 

4 : 


,, 

42423 

2355*0 

2 1 

„ 

„ 

42150 

2350*8 

2 


„ 

12*7 

42526 

2350 0 




M 

42540 

2348*2 

2 



„ 

42573 

’*‘2347*5 

2 


It 

M 

42586 

2346*7 

2 


t* 

” 

42600 

2345*4 




I „ 

42624 

2345*3 

4 

t? 

1 

12625 

2344*4 

2 


»t 

1 

42642 

2344*1 

*) 



*> 

42647 

2343 6 

4 



! *. 

42656 

2313*2 

2 


„ 

1 f? 

42664 

2343*0 

2 



i ♦* 

42667 

2341*2 

4 


♦ , 


427(X) 

2340*3 

2 

1 

12 8 

42717 

2339*7 

2 

1 M 


42728 

2337*6 

2 


>* 

42766 

2337*2 

o 

„ 

1 

1 ’* 

42773 

2336 7 

4 



1 42782 

2334*6 

5 


i ’» 

42821 

2331*7 

2 

>* 


42874 

2330*0 

2 

1 

,, 

42905 

2329*8 

2 

I n 

II 

42909 

2329*3 

2 

! 1. 

,, 

42918 

2327*4 


i M 

, 12 9 

42953 

2326*5 

4 


,, 

42970 

2325*9 

2 

! 0 69 

,, 

42981 

2323*3 

2 

' „ 

' ,, 

43029 

2323 0 

2 


,, 

43035 

2322*8 

2 

fj 

„ 

43038 

2320*2 

4 

1 

i 

1 ^ 

I II 

43087 

2319*8 

4 


! 

,, 

43094 

2318 6 

4 


1 „ 

1 H 

43116 

2317*3 

2 


1 


1 43141 

2316*2 

4 


i n 

1 ,, 

i 431 C.l 

2314*1 

2 


,, 

13*0 

1 43200 

2313*8 

2 



! ” 

43206 

2313*0 

4 


»> 

; >1 

43221 

2312*4 

4 



1 

1 i» 

43232 

2311*7 

2 



i „ 

43245 

2311*0 

2 



i i> 

43258 


* Dou>.le. 
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Exner and 
Haschek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 


1_ 

X 

2308-6 

4 


0-C9 

13-0 

43303 

2307-8 

4 


>» 

„ 

43318 

2305-3 

4 


„ 


43365 

2304-7 

2 


„ 


43387 

2303*8 

4 



99 

43394 

23030 

4 


„ 

,, 

43409 

2301*6 

2 



,, 

43437 

2300*3 

4 



13*1 

43460 

2299*8 

4 


»» 

„ 

43469 

2298-3 

4 


„ 


43497 

2297-6 

4 


99 


43511 

2297*2 

4 


»> 

„ 

43618 

2296*6 

4 


,, 

„ 

43530 

2292*1 

2 



„ 

43615 

2290-0 

2 




43665 

2289*4 

2 




43667 : 

2288 7 

2 


>> 


43680 

2288-4 

2 


99 

13 2 

43686 1 

2287-7 

4 


»» 

»» 

43699 1 

2287*1 

4 


»♦ 

,, 

43710 j 

2281*2 

2 


„ 

„ ' 43824 

2278-8 

4 



„ 43870 

2278-4 

4 


99 

„ 13877 

2277-3 

4 


0*68 

„ 1 138‘)9 

2276*6 

4 


„ 

99 

43912 ! 

2276*2 

2 



,, 

43920 1 

2275*7 

4 


,, 

13*3 

43930 

2274*8 

4 


i » 

99 

43947 

2272-0 

2 


! ” 

» 

44001 

2271-7 

2 



99 

44007 

2270*2 

4 




44036 

2265-6 

2 


,, 

„ 

44127 

2264-6 

4 



„ 

44145 

2263*1 

2 



13*4 

44174 

2260*1 

2 


,, 


44233 

2259*4 

2n 


*> 

,, 

44247 

2258*0 

2n 




44274 

2267-0 

2 


?> 

,, 

44294 

2256*2 

4 


„ 

,, 

44309 

2254*0 

4 


„ 

,, 

44353 

2253 2 

2 


,, 

,, 

44368 

2250*7 

2 



13 5 

44412 

2249-6 

2 


»* 

,, 

44439 

2247-3 

2 



»» 

44485 

2247*1 

2 


>» 

»» 

44489 

2245-2 

2n 


>» 

99 

44526 

2242*7 

2 



,, 

44676 

2241*7 

2 



,, 

44696 

2228*1 

2 


0*67 

13-6 

44867 

2226*5 

4 



13*7 

44900 

22250 

4 



»» 

44930 

2224-6 

2 




44940 

2223*1 

2 


„ 

99 

44968 

2221*3 

2 




46006 

2220-6 

4 


»» 

M 

45021 
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N I CK E L — cmitiniied. 


Exner and 
Haschek 
Wave-length 
(Rowland) 
Spark Spectrum 

Intensity 

and 

Character 

Previous Measurements 
(Rowland) 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

A + 

K 

2216-5 

4 


0-67 

13-7 

45102 

22112 

2 



13-8 

45210 

2210-4 

4 




45227 

2206-8 

2n 




45300 

2205-7 

2n 




46323 

220,3-7 

2 



13-9 

45364 

2201-4 

4 




46412 

2192-5 

2 




45596 

2188 2 

2 



14-0 

46686 

2185 6 

4 


0 66 


45740 

2180-7 

2 


>9 

,, 

45743 

2179-5 

2 



14-1 

45868 1 

2177-4 

2n 


>> 

,, 

46912 

2169 3 

4 



14-2 

46084 

2161-5 

2 


0-65 


46250 1 

2131-2 

2 



14-5 

46908 I 

2107-8 

2 



14-7 

47428 1 


Tables of Certain Maihernatlcal Functions. — Interim Jlei)ort of the Com- 
mittee^ consisting of Lord Rayleigh (Chairman')^ Lieut. -Colonel 
Allan Cunningham, R.E. (Secretary)^ Lord Kelvin, Professor K. 
Price, Dr. J. W. \j. Glaisher, Professor A. G. Greenhill, Pro- 
fessor W. M. Hicks, Major P. A. MacMahon, R.A., a )wZ Professor 
A. Lodge, (vppointed for calculating Tables of certain Mathematical 
Functions j and, if necessary, for talcing steps to carry out the 
Calculations, and to publish the results in an accessible fonn. 

The ‘New Canon Arithmeticus ’ is a table quite similar to Jacobi’s 
‘ Canon Arithmeticus,’ except that it is calculated for the base 2 through- 
out, whilst Jacobi’s tables are for various bases. 

The new table contains the solution of the congruence 2‘ = R (mod. p) 
for all primes (;?)<1000, and also of 2^ = R (mod. p") for all powers of 
primes, 1000. 

The left-hand table gives the least Residues (R) to Argument x ; tliis 
table has been computed throughout by two computers independently, 
and the two copies have been checked throughout by both computers ; 
thus this table is complete. 

The right-hand table, giving the values of x (the exponent) to 
Argument R is merely a re-arrangement of the former ; one copy is 
complete, the other copy is about half done, and checked in part. 

The whole of the grant of 25/. for the year 1896-97 has been spent. 
The Committee ask for reappointment without further grant, the 
Secretary (Lieut. -Colonel Allan Cunningham, R.E.) undertaking to com- 
plete the second copy, and the checking of both copies (without asking 
for further grant) if the reappointment of the Committee be sanctioned. 
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The Application of Photography to the Elucidation of Meteorological 

Phenomena. — Seventh Report of the Committee^ consisting of Mr, 
G. J. Symons {Chairman), Professor K. Meldola, Mr. J. 
Hopkinson, Mr. H. N. Dickson and Mr. A. W. Clayden {Secre- 
tary), {Prawn up by the Secretary.) 

The work of the Committee has been continued during the past year, 
especially with regard to the measurements of cloud altitudes by means of 
photography. A considerable number of the results given in the report 
for 1896 have been verified by repeating the reduction of the plates. 

In order to afford an efficient check upon the accuracy of last year’s 
results, the altitude and azimuth of the sun were calculated by a different 
method and the altitude of the cloud deduced from a fresh set of co- 
ordinates measured on the plate. 

In no case did the new determination differ more than about 3 per 
cent, from the old one, and in the majority of cases the agreement was 
very much closer. Particular attention was given to the instances in 
which the clouds had been determined to be floating at unusually great 
altitudes, and there is no doubt that those determinations are substantially 
correct. 

During the last nine months it has not been possible to keep up a 
continuous series of photographs. The excessive rainfall of the early part 
of the year transformed the level ground between the camera stands and 
around one of them into a series of muddy pools, so that work was impractic- 
able. But with this exception exposures have been made whenever 
opportunity offered, and the stock of negatives has been largely increased. 

None of these additions have yet been reduced. The time available 
for the observations is limited, and it has been thought better to accumu- 
late negatives during the finer part of the year and reserve them to be 
reduced in the winter, when opportunities for making observations ai’e 
rare. 

The warping of the ebonite shutters of the cameras has again proved 
troublesome, and steps have been taken to get them replaced by similar 
pieces of aluminium, a change which will probably be effected before this 
report is presented. Some delay was also caused by the mischievous 
behaviour of some unknown persons, who, on Tune 22, amused themselves 
by breaking the connecting wires and endeavouring to upset one of the 
camera stands. 

Leclanche cells of the ordinary pattern have been substituted for the 
faulty dry cells formerly used, and have given complete satisfaction. 

There is a good stock of plates in hand, and the photographs will be 
continued during the summer. 

No fresh departure having been made, and the current expenses not 
being heavy, the grant made at Liverpool has not been drawn. 

The work of the Committee being now limited to the investigation in 
the hands of the Secretary, who will continue it at his own expense, no 
grant in aid is asked, but the Committee would wish to be reappointed 
for another year. 
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Seismological Investigations. — Second Report of the Committee, co7i- 
sisting of Mr. G. J. Symons (Ghahmian), Dr. C. Davison and 
Mr. John Milne (Secretaries), Lord Kei^vin, Professor W. G. 
Adams, Dr. J. T. Bottomley, Sir F. J. Bramwell, Professor 
G. H. Darwin, Mr. Horace Darwtn, Major L. Darwin, Mr. G. F. 
Deacon, Professor J. A. Ewing, Professor C. G. Knott, Professor 
G. A. Lebour, Professor R. Meldola, Professor J. Perry, 
Professor J, H. Poynting, and Dr. Isaac Roberts. 

Contents. 


1. Report of Worh done for tlie estahluhnient of a Seismic Survey of the 
Worlds drawn up hy F.R.S., i\G.S. .... 129 

II. Records of the Gray- Milne Seismograph. .5// John Milne, F.R.S., F.G.S. 132 

III. Installation and working of Milners Horizontal Pendulum. By John 

F.R.S., F.G.S. 137 

IV. Observations at Carisbrookc Castle and Shide. By John Milne, 


Carisbrooke Records . . . . . . . . . .146 

Earthquakes at Shide .......... 149 

V. Earthquake Records from Japan and other places. By John Milne, 

F.R.S.y F,G>S. ........... 153 

VI. Highest apparent Velocities at which Earth-waves are. propagated. By 

John Milne, F.R.S., F.G.S. 172 

VII. Biurnal Waves. By Joni^ F.R.S., F.G.S. . . . .176 

VIII. The Perry Tromometer'. By F.R S.., F.G.S. . . .181 

IK. Sub-oceanic Changes. By F.R.S., F.G.S. . . .181 

Brady seismic Action 182 

Sedimentation and Erosion 187 

Causes resulting in the yielding of Submarine Banks .... 188 

Cable Fracture 189 

Conclusions and Suggestions for a Seismic Survey of the World . . 204 


I. Report of Work done for the establishment of a Seismic Survey of the World. 
Professor Milne has reported to the Committee that on January 31, 
1895, he had issued a circular calling attention to the desirability of 
observing earthquake waves which had travelled great distances, with 
working drawings of the necessary installations. 

Some months later Dr. E. von Rebeur-Paschwitz drew up suggestions 
for the establishment of an international system of earthquake stations. 
To this scheme Professor Milne and other members of the Committee lent 
their names. 

After the death of von Rebeur these suggestions were translated into 
French and issued by Dr. G. Gerland of Strassburg, on his own respon- 
sibility. 

For this reason, but more especially because individual efforts have not 
led to any definite results, the Committee have issued a letter to a number 
of observatories requesting co-operation in the observation of earthquakes 
which are propagated round and possibly through the earth. 

Dr. Michie Smith has informed Professor Milne of the co-operation 
which might be expected from the Government of Madras. The Kew 
Committee have decided to establish an instrument. 

Mr. Oldham, Director of the Geological Survey of India, has evinced 
desire to assist in making observations. It is likely that Professor Turner 
of Oxford will purchase a seismograph, whilst others have made inquiries, 
respecting the necessary installation. Sir Clement Markham has already’ 
offered his hearty support in carrying out a seismic survey of the worldy 
1897. K 
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and there were strong reasons for believing that we might expect assist* 
ance from both the Royal Geographical and Royal Astronomical Societies. 

Letter sent to various Observatories and Persons. 


To 


Bbitish Association for the Advancement of Science: 

Burlington House, 

London, W. 

1897 . 


giRj It has been established that the movements resulting from a 

large earthquake originating in any one portion of our globe can, with 
the aid of suitable instruments, be recorded at any other portion of the 
same ; therefore the Seisraological Investigation Committee of the 
British Association are desirous of your co-operation in an endeavour 
to extend and systematise the observation of such disturbances. 

Similar instruments should be used at all stations ; and the one 
recommended by this Committee as being simple to work, and one that 
furnishes results sufficiently accurate for the main objects in view, is 
indicated in the accompanying report (see pp. 2-4) by the letter M ; a 
sketch of the same is shown on p. 7, whilst there is an example of one of 
its records on p. 49. 

We desire to know whether you are disposed to purchase, and make 
observations with, one of these instruments, the cost of which, including 
photographic material to last one year, packed for shipment, is about 501. 
Should you reply in the affirmative, we shall be pleased to arrange with 
a competent maker for the construction of an instrument for you, and to 
furnish instructions respecting installation and working. In case an 
instrument be established at your observatory, we should ask that notes 
of disturbances having an earthquake character be sent to us for analysis 
and comparison with the records from other stations. From time to time 
the results of these examinations would be forwarded to your observatory. 

The first object we have in view is to determine the velocity with 
which motion is propagated round or possibly through our earth. To 
attain this, all that we require from a given station are the times at 
which various phases of motion are record^ ; for which purpose, for the 
present at least, we consider an instrument recording a single component 
of horizontal motion to be sufficient. Other results which may be ob- 
tained from the proposed observations are numerous. 

The foci of submarine disturbances, such, for example, as those which 
from time to time have interfered with telegraph -cables, may possibly be 
determined, and new light thrown upon changes taking place in ocean beds. 

The records throw light upon certain classes of disturbances now and 
then noted in magnetometers and other instruments susceptible to slight 
movements ; whilst local changes of level, some of which may have a 
diurnal character, may, under certain conditions, become apparent. 

Trusting that you will find it possible to co-operate in this endeavour 
to extend our knowledge of the earth on which we live. 

We remain. Sir (on behalf of the Committee), 

Your obedient servants, 

G. J. SYMONS, Chairman. C. DAVISON, 1 Joint Honorary 

J. MILNE, j Secretaries. 
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It is requested that Replies be addressed to — 

The Seismological Committee, British Association, 

Burlington House, London, W. 


Letter sent to the Foreign Office on February 25, 1897. 

Shide Hill House, Newport, I.W., 
February 25, 1897. 

To the Under-Secretary of State for Foreign Affairs, Whitehall, London. 

Sir, — I am directed by the Seismological Committee of the British 
Association for the Advancement of Science to state that they are anxious 
to obtain the assistance of the Marquess of Salisbury with a view to 
ascertaining, through Her Majesty's representatives in the countries 
mentioned, whether the Governments of the same would be disposed to 
cO'Operate in carrying out the observations indicated in the inclosed 
circular, which are considered of great scientific importance. 

The countries with which the Committee desire to communicate are 
Chili, Peru, Ecuador, Venezuela, U.S. of Columbia, Mexico, Brazil, the 
Netherlands for Java, Greece, Spain, Portugal for the Azores, Russia for 
Russia and Siberia, and Japan. 

Should his Lordship be pleased to grant the assistance of Her 
Majesty's Government in this matter, I shall have the honour to forward 
further copies of the circulars and pamphlets of which specimens are 
inclosed. 

The Committee have learned that the Government of Madras are 
desirous to establish a station ; whilst Admiral Wharton, Hydrographer 
to the Admiralty, considers the attainment of the objects in view of great 
practical value to his department. 

I have the honour to remain. Sir, 

Your most obedient and humble servant, 

John Milne. 


Communication with the Colonial Office. 

A letter identical with that sent to the Foreign Office, and in which 
the following colonies were mentioned — Newfoundland, Bermuda, Barbados, 
Trinidad, Jamaica, Honduras, Guiana, St. Helena, the Falklands, Cyprus, 
and Malta — was forwarded on F'ebruary 25, 1897, to the Colonial Office. 


Communication tvith the Undersecretary of State for India^ April 10, 1897. 

A letter in terms similar to the two preceding letters was addressed 
to the Under-Secretary of State for India asking for co-operation in 
establishing one station at Aden, three in India, and one in Further 
India. 

The results of these three communications have been that the Marquess 
of Salisbury has granted the co-operation which was asked, a reply is 
promised from the Colonial Office, whilst the Under- Secretary of State 
for India has asked for and received more copies of our circulars and 
reports. 

K 2 
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In addition to the above, thirty-one copies of circulars and reports 
have been distributed as follows : — 

Lkt of Observatories, SfC,, to which Circulars and Reports have been sent. 

1. U.S.A. Cambridge, Mass. Harvard University. Professor B. C. Pickering. 

2. „ St Louis, Miss. Washington University. Professor W. S. Chaplin. 

3. „ Terre Haute, Ind. Polytechnic Institute. Professor T. Gray. 

4. „ Williams Bay, Wis. Yerkes Observatory. Professor G. E. Hale. 

5. „ San Francisco, Berkeley, Cal. University of California. Professor 

Joseph Le Conte. 

6. Australia, Perth. The Observatory. Ernest Cook, M.A 

7. „ Adelaide. Sir C. Todd, K.C.M.G., F.R.S. 

8. „ Melbourne. The Observatory. P. Baracchi. 

9. „ Sydney. The Observatory. H. C. Russell, F.R.S. 

10. New Zealand, Wellington. Sir J. Hector, F.R.S. 

11. Africa, Cape Town. The Observatory. D. Gill, F.R.S. 

12. „ Natal. The Observatory. B. Neville Nevill. 

13. India, Madras. The Observatory. Dr. Michie Smith. 

14. „ Calcutta. Geological Survey. R. D. Oldham. 

16. Mauritius, Port Louis. Royal Alfred Observatory. T. F. Claxton. 

16. Hawaii, Honolulu. Lieutenant A. G. Hawes. 

17. Malta, Gozo. The College. Father James Scoles, S.J. 

18. Manila. Meteorological Observatory. Father Saderra, S.J, 

19. China, Shanghai, Zikawei. Rev. L. Froc, S.J. 

20. „ Hong Kong. The Observatory. Dr. W. Doberk. 

21. South America, Argentine. Cordova Observatory. W. G. Davies. 

22. Canada, Toronto. The Observatory. Professor Stupart. 

23. France, Paris, 126, Rue du Bac. M. A. d’Abbadie. 

24. „ „ Bureau Central M6t6orologique. M. Professor Mascart. 

26. Roumania, Bucharest. Institut M6t6oroJogique. Dr. Hepites. 

26. Austria, Vienna. Hohewarte. Professor Dr. J. Hann. 

27. Sweden, Upsala. Observatoire M6t4orologique. Professor H. H. Hildebrandsson. 

28. Switzerland, Geneva. Professor F. A. Forel. 

29. Spain, Cadiz. W. G. Forster. 

30. Belgium, Uccle. Observatoire Royal de Belgique. A. Lancaster. 

31. India, Calcutta. Geological Survey. C. L. Griesbach. 

Offers for immediate co-operation have been received from Professors 
E. C. Pickering (No. 1), Dr. D. Gill (No. 11), and Professor Stupart 
(No. 22) ; Dr. Hepites (No. 25) will co-operate, using an instrument 
received from Dr. Tacchini ; whilst Dr. J. Hann (No. 26) replies that he 
is establishing the Ehlert type of pendulum, and later may also use ours. 
Oo-operation may be expected at some future time from Professor G. E. 
Hale (No. 4) and Mr. Ernest Cook (No. 6). 

The applications Nos. 13, 14, and 21 will, it is hoped, receive a reply 
through the Under- Secretary of State for India. 

The replies from Nos. 2, 9, 17, 19, and 30 indicate that co-operation 
cannot be expected. 

From the remainder replies have not yet been received. 

II, Records of tlie Gray-Miliie Seismograph. 

By John Milne, F.R.S., F.G.S. 

The first of the above seismographs constructed in 1883, partly at the 
expense of the British Association, still continues to be used 
standard instrument at the Central Observatory in Tokio. 

I am indebted to the Director of that institution for the following 
records. The records with which they are continuous will bee found in 
the ‘Report of the British Association' for 1895, p. 115. i 
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Catalogue of Earthquahis recorded at the Central Meteorological Ohsercatorg in Tohlo 
hetwcen May 1S9.5 ami Fehmiarg 1890. 


No. 

i 

1 Month 

Day 

Ti mo 

' Duration 

Diiectiou 

Maximum 
Period and 
Amplitude of 
Iloiizontal 
Motion 

sec*, j mm. 

Maximum 
Peiiod and 
Amplitude ol 
Vertical 
Motion 

1 

sec-^. j mm. 

Nature of 
Shock 






189S. 









11. M. 

M. s 







1,523 

IV. 

6 

0 30 27 o.M. 



— 


- 


-light 

1,524 


9 

6 20 34 r It 




. — 

_ 



1,525 


14 

4 30 48 I'.Ai. 


! — 






l,52G 


16 

11 46 41 A..\l. 


1 

— 



- 


1,527 


22 

2 45 29 I’.M. 


! 

- 




hlight, quick 

1,528 


25 

6 38 43 A.M. 




— 

— 


-light 

1,529 


25 

7 08 02 A.M. 



— 


— 

1 — 


1,530 


27 

5 41 59 A M. 



, — 




’ 

1,631 


28 

8 33 36 A M. 



' 





1,5.32 

VI. 

2 

11 45 19 A.M. 


, - 


— 

- 

- 


1,533 


2 

8 38 0 P M 

1 01 

W N.W , i: s E 

1 3 

0 8 

di t,dit 

weak, slow 

1,63 1 


7 

1 13 55 A.M. 

- 

— 




! ~ 

slight 

1,635 


7 

2 30 15 p.M. 

— 

— 


, 


— 


1,536 „ 

11 

0 46 23 A M. 

1 07 

N N.W, SS K. 

: 0 6 

0 4 

— 

— 

weak, quit k 

1,537 


15 

4 30 31 P M. 


; — 

i — 




slight 

1,538 


16 

1 17 38 A.M. 

- 

1 

1 

— 

— 

1 


1,539 


20 

2 51 48 A M 


1 

I 

' 


1 - 


1,540 


20 

11 66 55 A..M. 

10 0 s.-\. 

' 03 

0-2 

sli.'Klit 

weak, slow 

l,.54l 


24 

1 47 57 P.M 

1 28 

S.W., N.E. 

0 6 

04 

not hing 

weak, (juick 

1,542 


29 

7 (11 27 P.M 

— 

_ 

— 


— 


-light 

1,543 


30 

7 16 0 A.M. 


— 

— 

— 


■ 

„ 

1,514 

VII. 

2 

9 12 57 A.M. 

— 



-- 


— 

,, 

1,645 


4 

8 54 1 1 A M. 



— 

- 


— 

,, 

1,546 


3 

10 42 07 P.M. 

— 



— 



„ 

1,517 


9 

2 26 59 P.M. 

— 


— 

— 

— 

— 

J, 

1,548 


10 

11 08 36 A.M. 

— 


— 


— 

-- 


1,549 


11 

3 52 07 A.M. 

— 

1 

— 

— 


— 


1,550 


16 

9 23 40 A M 

— 

■- 

- 

— 

- 


„ 

1,651 


17 

10 0 8 P.M. 

1 25, S W , N.K. 

0 5 

0*7 

0 3 

0-1 

ratluT weak, 











quick 

1,552 


18 

9 65 42 PM. 

— 

- 

- 

— 

... 

— 

-light 

1,553 


27 

0 09 03 A.M. 

0 37i S.-N. 

0-6 

0 4 

!^llKht, 

very 

weak, slow 

1,551 


i 31 

4 44 30 P.M. 

0 39| E.S E., W N.W. 

1*0 

0-5 

— 


„ 

1,666 

VllI 

1 

3 63 50 A.M. i 



— 

— 


— 

-light 

1,556 


, 1 

7 32 35 P.M. 


— 


— 

— 

- 

„ 

1,557 


I 3 

5 36 48 AM. i 

— 

— 

- 

— 

— 

— 


1,558 


24 

11 16 8 P.M. ! 

1 29 

S-N. 

0 5 

0-4 

— 


w eak, slow 

1,559 


31 

9 37 21 P.M ! 


•— 

' -- 

— 


— 

-light 

1,660 

IX. 

3 

8 18 11 j> M. 1 

— 


— 




„ 

1,661 


6 

0 37 26 A.M. 



— 

1 . — 

— 

- 


„ 

1,562 


7 

8 02 05 A.M. 1 


— 

1 — 

— 

- 


>> 

1,663 


9 

9 53 22 PM. 

0 37 

S-N. 

0-8 

0 1 

- 

— 

weak, slow 

1,664 


10 

0 43 52 P.M. 


— 



— 

— 

-light 

1,5()5 


18 

3 18 54 p M. 


— 

1 

, 

— 

— 

„ 

1,666 


21 

11 24 30 A.M. 



— 

— 

— 

— 

,, 

1,567 


21 

1 1 03 27 P.M. 


— 

_ 

- 

— 

— 


1,568 


24 

1 48 10 A.M. 

1 08 

N.N.B., E.E.W. 

06 

' 1 7 

^liKht, 

\eiy 

weak, quick 

1,669 


25 

2 52 12 a m. 

— 

— 

- 

— 

— 


slight 

1,670 

X. 

4 

6 01 12 J’.M. 

— 

— 

— 

— 

— 

— 

„ 

1,671 


8 

1 16 01 P..M. 

- - 

— 

— 

— 

— 

— 1 

(thing fallen 











down to south) 

1,672 

„ 

11 

3 11 53 P.M. 

0 55 

S. N. 

02 

6-1 . 

0 2 

1 .} 

strong, quick 

1,673 

„ 

12 

2 18 23 P.M. 

— 

— 

— 


— 

— 

slight 

1,674 


13 

8 34 50 \.M 

— 

— 

— 

1 


— 


1,675 


13 

1 33 87 P.M. 

— 

— 


1 . 


— 


1,576 


15 

6 35 35 A.M. 

— 

— 

— 



— 


1,677 


16 

3 05 11 PM. 

— 

— 

— 

1 — 1 

— 

— 


1,678 


17 

1 49 26 P.M. 

— 

— 

— 

i — i 

— 

— 


1,579 

„ 

23 

6 66 26 P.M. 

0 23 

S.-N. 

0-4 1 

1 05 i 

slight. 

very 

weak, quick 

1,680 

„ 

24 

6 55 63 A.M. 

— 


- 

1 — 1 

1 

— 

— 

slight 

1,681 

J, 

24 

7 48 17 P.M. 

— 

— 

— 

1 

1 

— 

— 


1,682 


26 

11 30 12 A.M. 

— 

-- 

— 


— 

— 


1,683 


26 

8 24 03 P M. 

— 

— 


“ 1 

— 




1,684 


27 

11 44 23 A.M. 

— 

— 

— 



— 


1.685 


27 

4 33 49 I'.M. 

— 

— 


— 1 

-• 1 

— 
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1 






Maximum 

Maximum 








Period and 

Period and 






g 


Amplitiuio of 

Amplitude of 






*43 


Horizontal 

Vertical 


No. 

o 

S 

Day 

Time 

p 

Direction 

Motion 

Motion 

Shook 







secs. 

mm. 

sec ■<. 

mm. 





H. 11 s. 

M. 







1,586 

X. 

28 

0 17 51 A.ir. 

_ 

— 


— 

— 

— 

slight 

1,687 

XL 

7 

0 13 28 A.M. 

— 

— 


— 

— 

— 

„ 

1,688 


8 

3 43 31 A.M. 

— 

— 

— 

— 

— 

— 


1,589 


11 

3 9 39 A.M. 

— 

- 

— 

- 

— 

— 


1,590 


19 

3 27 23 r.M. 

— 

— 

— 

— 

— 

— 


1,691 


22 

1(1 47 64 A. 11. 

— 


— 

— 

— 

— 


1,692 


28 

6 1 2 65 A..M. 

0 4i 

SE, X.W. 

0-3 

06 


— 

weak, quick 

1,593 

XII. 

10 

11 19 33 A.M. 

— 

— 

— 

— 

— 

— 

slight 

1,694 

„ 

12 

11 16 32 A.M. 

— 

— 

— 

— 

— 

— 

„ 

1,595 


31 

6 04 27 A.M. 

~ 

-- 

— 

— 


— 


i 




1896. 






1,696 

I 

1 

9 1 1 23 l*.M 

10 0 

S.-N. 

0-3 

0-2 

notli iiiK 

weak, slow 

1,697 


2 

6 13 19 r.M 



— 

— 


— 

slight 

1,598 


3 

10 12 21 r.M. 


— 

— 

— 


— 


1,599 


5 

11 24 27 r.M. 




, — 

— 


— 


1,600 


7 

4 10 66 1’ M 


- 

— 


— 

— 


1,601 


7 

7 0 44 r.M. 



— 

— 

— 

— 


1,602 


9 

10 17 16 r.M. 

0 23, S. N. 

2 2 

16 2 

0 5 

0 () 

‘•trong, slow 

1,603 

„ 

9 

10 42 20 r M. 

— 


— 



— 

■flight 

1,604 

„ 

9 

10 50 37 I'.M. 

— 

- 

— 

— 


— 


1,606 


9 

11 14 49 r.M. 

— 


— 

— 


— 


1,606 


10 

0 31 42 A.M. 

2 15 

S-N. 

0-9 

0 5 

_ 

— 

weak, slow 

1,607 

„ 

10 

0 39 09 A.M 

— 

— 

— 

— 


— 

slight 

1,608 


10 

0 46 17 A M. 


— 


— 

— 

— 


1,609 


10 

0 46 32 A M 

— 


— 

— 

— 

— 


1,610 


10 

1 22 01 A.M. 



— 

— 

— 

— 


1,611 


10 

2 12 51am 

— 







— 

— 


1,612 


10 

2 50 24 A.M 

— 

— 

— 

— 

— 

— 


1,613 

„ 

10 

5 52 20 a.m. 

2 43 

N.W., S E. 

1 4 

1 2 

— 

— 

weak, slow 

1,614 

„ 

to 

6 41 41 A M 

— 



— 

— 

— 

— 

' slight 

1,615 


10 

7 04 21 \.M. 

— 

— 

— 

— 

— 

— 

„ 

1,616 


10 

11 24 29 A M. 

4 22| S -N 

1 3 

1 7 

— 

— 

weak, slow 

1,617 

„ 

10 

4 42 46 r M 

4 0, W N W , E S.E. 

1 2 

1 0 

_ 



1,618 

„ 

10 

8 08 44 r.M. 

— 

— 

— 

— 

— 

— 

slight 

1,619 


10 

10 21 69 r.M 


- 

— 

— 

— 

— 


1,620 

„ 

11 

0 33 05 A.M. 

— 








— 


1,621 

„ 

11 

5 50 08 A.M. 

— 

— 

— 

— 

— 

— 


1,622 


11 

7 06 43 A M. 

_ 


— 

— 

— 

— 


1,623 


11 

8 49 12 A M 


— 



— 

— 

— 


1,624 

„ 

11 

10 36 65 A.M. 


- 



— 



— 


1,625 


11 

4 47 30 r.M. 












1,626 


12 

11 06 37 r.M. 

36 0| E. W. 

0-2 

0 4 

0 2 

(1 2 

w eak, quick 

1,627 

„ 

13 

6 26 36 A.M. 

— 

— 

— 

— 

— 

— 

slight 

1,628 


1.5 

4 24 64 A.M. 

— 












1,629 


16 

2 42 31 A.M. 

— 












1,630 

„ 

16 

4 14 25 \.M. 

— 

— 






— 


1,631 


19 

6 08 22 I’M 

2 10 

S.-N. 

1 0 

0 3 



— 

w eak, slow 

1,632 


22 

3 11 25 A.M 

— 

— 

— 

— i 

— 

— 

slight 

1,633 

„ 

22 

4 43 40 A M. 

2 .50 

S..S.E., N.N W. 

0 5 ' 

2’3 


V<‘1 

weak, (piick 

1,634 

„ 

22 

5 28 15 A M 

.30 0 

S S \V., N N.E. 

0 2 

0 .3 1 


_ 


1,635 

„ 

22 

7 16 27 A.M. 

— 

— 




- 

— 

slight 

1,636 


22 

6 16 29 r.M. 



- 









1,637 


22 

3 30 09 A M 

— 











1,638 

li. 

2 

6 02 06 A.M. 

— 











1,639 


5 

6 10 17 r.M 

— 











1,640 


9 

7 47 21 P.M 

— 







i 



1,641 


12 

6 37 44 A.M. 

1 09 

S.S.E., N.N.W. 

0-6 

0-3 

— ' 


weak, quick 

1,642 


14 

1 66 11 A.M. 

0 40 

S.-N. 

1 0 

0 3 

U 3 

— 1 


1,643 


14 

2 03 44 A M 

— 





_ 



— ' 

rather weak 

1,644 


15 

1 16 20 A.M. 

— 






1 

' 

slight 




about 








1,645 


18 

6 13 0 r.M. 





1 

— ! 



' 


1,646 


18 

10 19 27 P.M. 

— 

_ 










1,647 


23 

7 41 47 P M. ; 

i 66 

N., W.S.E. 

1-0 

3 7 

slight. 

\ Cl V 1 

weak, slow 

1,648 

„ 

23 

9 36 50 P.M. 










1 

Might 

1,649 „ 

24 

9 66 03 P.M. 







__ 



_ 


1,650 1 „ 1 

25 

0 59 59 A.M. 

— 

— 

— 1 

— 

— ' 

— 1 
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No. 


1,661 

1,652 

1,663 

1.654 

1.655 

1,686 

1.657 

1.658 

1.659 

1.660 

1,661 

1,662 

1.663 

1.664 

1.665 

1,66 6 

1.667 

1.668 

1.669 

1.670 

1.671 

1.672 
1,67.1 

1.674 

1.675 

1.676 

1.677 

1.678 

1.679 

1.680 

1,681 

1,682 
1,68.3 

1.684 

1.685 

1.686 

1.687 

1.688 

1.689 

1.690 

1.691 

1.692 

1.693 

1.694 

1.695 

1.696 

1.697 

1.698 

1.699 

1.700 

1.701 

1.702 

1.703 

1.704 

1,706 

1.706 

1.707 

1.708 

1.709 

1.710 

1.711 

1.712 

1.713 

1.714 
1^7 15 

1.716 

1.717 

1.718 
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II. 

lii. 


IV. 


V. 






Maximum 

Maximum 






Period and 

Period and 




a 


Amplitude of 

Amplitude of 




*-C 


Horizontal 

Vertical 


Day 

Time 

2 

Direction 

Motion. 

Motion 

Sl) 0 ck 



p 











secs 

mm. 

sec*. 

nim. 



11 M. s. 

M r« 







25 

7 58 25 A.M 

— 

— 


— 

— 


slight 

28 

9 35 15 A.M 

— 

— 

— 

— 

— 

— 

„ 

29 

5 56 35 A M 

3 7 

E-W. 

0 3 

0-2 

— 

— 

Meak, quick 

29 

11 27 02 P.M. 

— 

— 

— 

— 

— 

— 

slight 

1 

5 29 25 P.M. 

— 


— 

— 

— 

— 

” 

6 

7 40 46 p M 

— 

— 

— 

— 

— 

— 

„ 

6 

11 61 31 P.M. 

2 0 

S.W., N.E. 

0*6 

4 3 

0 6 

ot 

M oak, (juick 1 

9 

10 16 15 A.M. 

— 

— 

— 

— 

— 

- 

slight 1 

10 

8 54 48 P.M. 

— 

— ■ 

— 

— 

— 

— 

„ 1 

12 

7 12 16 A.M. 

— 

— 

— 

— 

— 

— 

„ 

13 

2 .36 23 A.M. 

— 

— 

— 

— 

— 

— 

„ 

14 

4 44 32 A.M. 

— 

— 

— 

— 

— 

— 

„ 

14 

10 15 32 P.M. 

— 

— 

— 

— 

— 

— 

„ 

14 

11 41 48 PM. 

— 

— 

— 

— 

— 

— 

„ 

16 

10 33 16 P M. 

— 

— 


— 

— 

— 


17 

2 37 08 AM. 

— 

— 

— 

— 

— 

— 

„ 

20 

3 36 57 AM 

— 

— 

— 

— 

— 

— 


20 

11 32 20 A M. 

— 

— 

— 

— 

— 

— 


26 

6 28 49 P.M. 

— 

__ 

— 

— 

— 

— 


1 

2 53 13 A M. 

— 

— 

— 

— 

— 

— 

„ 

1 

2 50 27 P.M. 





— 

— 

— 

— 

„ 

2 

1 4l 55 A«M. 

1 18 

E.-W. 

12 

02 

— 

— 

weak, .slow 

2 

11 38 57 A.M 




— 

— 

— 

— 

slight 

10 

5 39 53 PM 

0 45 

S-N. 

05 

0 2 

— 

— 

MCak, slow 

11 

10 38 35 A M. 

— 

— 

— 

— 

— 

— 

.slight 

11 

10 59 49 P.M 

2 .'■>2 

N.W., S E. 

0*3 

1 5 

0 3 

02 

weak, qmck 

13 

10 05 07 P M 

— 

— 

— 

— 

— 

— 

slight 

1.3 

10 13 47 P M 

— 

— 

— 

— 

— 

— 


15 

7 41 39 A.M. 

— 

— 


— 

— 

— 


16 

8 26 27 P.M 

— 

— 

- 

— 

— 

— 

„ 1 

19 

7 69 02 r M 

1 07 

N.N.W , 8 S E 

1 2 

09 

— 

— 

weak, slow 

20 

1 36 17 A M. 

1 50 

W N.W , E S E. 

1 5 

0-6 

— 

— 

„ 

20 

0 23 13 P M. 

— 

— 

— 

— 

— 

— 

slight 

21 

9 05 03 A M 

1 57 

S W , N.E. 

1 6 

0 6 

— 

— 

■weak, slow 

21 

0 19 40 P.M. 

— 

— 


— 

— 

— 

slight 

23 

0 37 41 A.M. 

, — 


1 

— 

— j 

— 

„ 

23 

5 08 46 A.M. 

|l 21 

NN.W,S8E 

0 3 j 

05 


— i 

weak, quick 

26 

7 02 37 A M. 

- 

— 


— 

^ 06 

— 

slight 

26 

10 49 56 A.M. 

2 0« 

S.S.E., N.N.W. 

0 7 ' 

1 2-5 


0 2 

Mcak, quick 

25? 

8 28 11 A.M. 

1 

— 

— 

— 

j — 

1 — 

slight 

4 

7 37 62 A.M 

1 

— 

— 

— 

1 

— 

„ 

5 

3 01 50 A M. 

i 

— 

— 

— 

1 

1 — 

„ 

7 

2 37 17 i>M 

1 55 

W.N W , E.8 E. 

1 3 

0 8 

I — 

1 “ 

weak, slow 

11 

11 32 58 PM 



— 

— 

— 



slight 

16 

0 26 13 A.M 

1 25 

8.K., N.W. 

0 1 

O'l 

1 03 

OT 

M'eak, quick 

17 

3 39 69 P.M. 

2 20 

E 8 E , W.N.W 

1 2 

1 8 


u 2 

weak, slow 

21 

3 58 33 A.M 

- 

— 

— 

— 

1 

— 

slight 

26 

6 43 31 P.M. 

— 

— 

— 

— . 

' — 

— 

„ 

26 

8 20 64 P.M 

0 30 

S.W , N.E. 

0 3 

0-3 

! — 

— 

M eak, quick 

29 

1 18 50 AM. 

— 

— 

— 

— 

j — 

1 — 

slight 

1 

7 25 52 PM. 

— 

— 

— 

— 

— 

— 

„ 

4 

3 32 52 A M 

— 

— 

— 

— 

— 

— 


‘3 

6 26 41 P.M. 

— 

— 

— 

— 

' — 

J — 

„ 

7 

11 18 15 A M 

— 

— 

— 

— 

— 



„ 

7 

9 60 09 p M 

1 — 

— 

— 

— 

— 

— 

„ 

8 

5 23 36 P.M. 

— 

— 

— 

— 

— 

— 

„ 

11 

6 02 17 A.M 

— 

— 

— 

— 

— 

— 

„ 

11 

6 61 69 P M. 

— 

— 

— 

— 

1 — 

— 

„ 

14 

11 03 08 P.M. 

— 

— 

— 

— 

— j 

— 

„ 

15 

5 44 43 P.M. 





— 

— 

1 — 

— 

„ 

15 

7 34 14 P.M 

,1 48 

W.N W., E S K. 

13 

08 

.slight. 

very 

weak, slow 


about 





1 — 

— 

Blight 

15 

7 44 0 P.M. 

— . 

— 

— 

1 — 

— 

— 

„ 

1.5 

8 33 53 P.M 

— 

— 

— 

— 

— 

— 

„ 

15 

9 0 38 P.M. 

— 

— 

— 

— 

1 - 

— 


16 

9 02 31 P.M 

— 

— 

— 

— 

1 — 

— 


15 

9 14 14 P M 

— 

— 

— 

— 

1 — 

— 

1 •’ 

15 

9 27 36 P.M. 

— 

— 

— 

— 

— 

— 

„ 

16 

9 66 39 P.M. 

— 

— 

— 

-- 

1 — 

— 

1 » 
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Catalogue of Earthquakes — continued. 


No. 

Month 

Day 

Time 

Duration 

Direction 

Maximum 
Period and 
Amplitude of 
Horizontal 
Motion 

Maximum 
Period and 
Amplitude ol 
Vertical 
Motion 

Nature of 
Shock 







secs. 

mm. 

secs 

mm. 


1,719 

VI. 

16 

H. M. S. 

0 49 48 A.M. 

MS 






slight 

1,720 


16 

1 05 22 A M. 

1 

— 

— 

— 

. — 

— 


1,721 

„ 

16 

1 32 14 A M 

— 

— 

— 

— 

— 

— 

„ 

1,722 

„ 

16 

4 16 30 A.M. 

4 55 

W.N.W.. E.S.E. 

08 

04 

sliKlit, 

rery 

weak, quick 

1,723 


16 

5 01 09 A M. 





— 

— 

__ 

— 

slight 

1,724 


16 

6 40 01 A.M. 

1 _ 



— 

— 

— 


„ 

1,725 

„ 

16 

8 01 14 A.M. 

3 2( 

W.S.W , E.N E. 

10 

0 3 


vn-y 

weak, quick 

1,72G 


16 

8 16 20 A M. 

' — 



— 

— 

— 

— 

slight 

1,727 


16 

8 16 29 A.M. 

I 



— 

— 

— 



1,72H 

„ 

16 

9 32 01 A.M. 

1 — 

_ 

— 

— 

— 

— 

„ 

1,729 

,, 

16 

9 47 11 AM. 

— 

— 

— 

— 

— 

— 

„ 

1,730 


16 

0 0 0 r.M. 





— 

— 

— 

— 


1,731 


16 

1 26 12 I'M. 

- 



— 

— 

— 

— 

„ 

1,732 

„ 

16 

1 28 38 r.M 


— 

— 

— 

— 

— 

„ 

1,733 


16 

1 29 48 V M 





— 








1,734 

„ 

16 

3 11 31 r.M. 





— 

— 

— 

— 


1,735 


16 

4 23 27 1' M. 





— 

— 



— 


1,736 


16 

4 44 58 I'M 





— 








1,737 

„ 

16 

6 46 18 P.M. 



— 

— 


— 

— 

„ 

1,738 

„ 

16 

6 31 18 P.M 


— 

— 

— 

— 

— 


1,739 

„ 

16 

9 68 03 ]‘ M 



— 

— 

— 

— 

— 

„ 

1,740 


16 

10 33 29 P M 

1 05 

N.N.E , S.S W. 

07 

02 

— 

— 

weak, quick 

1,741 


17 

7 47 27 A.M 



— 

— 


— 

— 

slight 

1,742 

„ 

17 

8 41 19 AM 





— 

— 

— 

— 


1,743 


17 

10 30 20 A.M 

— 

— 

— 

— 

— 

— 


1,744 


17 

0 48 28 P.M 

3 25 

E N E., W.S W. 

1-4 

0 4 

sllKht, 

very 

weak, .slow 

1,745 


17 

3 13 39 I'M 





— 

— 



— 

slight 

1,746 


18 

6 49 38 I'.M. 



— 

— 

— 

— 

— 

1,747 


22 

2 53 59 P.M. 





— 

— 

— 

— 


1,748 


21 

11 24 17 PM. ! 





— 

— 



— 


1,749 

„ 

25 

2 09 19 P.M. 

— 

— 


— 

— 

— 


1,750 

„ 

26 

7 27 06 PM 





— 








1,761 

„ 

30 

7 26 03 A M ! 





— 

— 

— 

— 


1,752 

VII. 

1 

5 30 43 A M. 





— 

— 

— 

— 


1,753 

„ 

1 

7 13 50 P M 





— 

— 

— 

— 


1,754 


3 

11 38 17 P.M. 

- 

— 

— 

— 

— 

— 

„ 

1,756 


5 

4 59 28 P.M. 


— 

— 

— 

— 

— 


1,756 

„ 

6 

0 25 67 A.M. 


— 

— 

— 

— 

— 


1,767 


6 

2 21 25 A.M. 


— 

— 

— 

— 

— 


1,758 


7 

0 35 26 P.M. 

> 

— 

— 

— 

— 1 

— 


1,759 

„ 

7 

9 39 33 A M. 



— 

— 

— 

— 

— 


1,760 

„ 

9 

10 03 40 A M. 

— 

— 

— 

— 

— 

— 


1,761 

„ 

10 

4 49 20 P M. 





— 





— 


1,762 

„ 

11 

7 44 27 A M. 





— 



— 




1,763 

„ 

12 

9 35 26 P.M. 



— 

— 

— 

— 

— 


1,764 

„ 

13 

7 53 35 PM 





— 








1,765 

„ 

15 

10 31 12 PM. 



— 

— 

— 

— 

— 


1,766 

„ 

16 

9 43 20 P.M 

— 

— 

— 

— 

-- 




1,767 


17 

10 41 47 P.M. 





— 




— 


1,768 


18 

0 59 44 J'.M, 

1 68 

IS.E.E., N.N.W. 

06 

0-7 

slight. 

very 

blight, quick 

1,769 

,, 

18 

3 36 17 P.M. 

— 

— 

— 

— 

— 

— 

blight 

1,770 


19 

4 12 32 PM. 




— 




_ 

1 » 

1,771 


19 

7 44 15 P.M. 



_ 

— 

— 




1,772 

„ 

29 

0 66 33 P.M. 








— 


1,773 

„ 

29 

5 63 36 P.M. 

2 16 

S W., N.E. 

0-8 

3-2 

slight, 

very 

w'cak, slow, 

1,774 

vill. 

1 

11 49 04 A.M. 

2 09 

S.E., N.W. 

08 

2-2 

0-4 

03 

stop clock 
weak, quick 

1,775 

„ 

11 

8 23 36 A M. 

20 0 

S W , N E. 

0-3 

0-6 

slight. 

very 

rather weak, 

1,776 


12 

4 31 56 }'.M. 







quick 

slight 

1,777 


13 

10 50 37 A.M. 

— 

— 

— 

— 

— 

— 

1,778 


14 

7 33 28 A.M. 





— 

— 

— 

— 


1,779 

„ 

14 

8 51 21 A.M. 





— 

— 


— 


1,780 


17 

4 28 48 A.M. 





— 

— 




1,781 


20 

6 05 37 P.M. 1 

0 60 

E,N.E., W.S.W. 

0-3 

2-9 

0-2 1 

0-25 

weak, quick 

1,782 

„ 

21 

1 21 41 A.M. 



— 

— 

— 

- 1 

— 

slight 

1,783 

„ 

23 

1 37 10 PM. 









__ 1 



1,784 

„ 

26 

6 49 37 P.M. 







— 

— 




1,785 


27 

7 25 0 P.M. 

— 

— 

— 

— 

— 1 

“ 
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Catalogue of Earthquakes — cmtinued. 








Maximum 

Maximum 








Period aud 

Period and 






g 


Amplitude of 

Amplitude of 








Horizontal 

\ ertical 


No. 

o 

Day 

Time 

£ 

Direction 

Motign 

Motion 

Shock 





p 













M'CS 

mm. 

sees. 

mm. 





H. M. 

M.K. 




' 



1,786 

VIII 

29 

7 01 01 1\M 

— 

. — 




- 

blight 

1,787 


30 

7 32 11 A.M. 

— 

. — 



— 

— 

„ 

1,788 


3l 

8 38 21 A.M. 

— 




— 


„ 

1,789 


31 

4 42 11 P.M. 

— 

— 

sltg 

ht. 


— 

slight, slow 







hon 

zontal 




1,790 


31 

5 09 33 r.M. 

— 

Dc.structivc in 



slikdit. 

very 







Akita 






1,791 

IX. 

1 

2 56 51 r.M. 

— 

— 

— 

— 

— 

— 

slight 

1,792 


4 

3 15 27 }*.M. 

— 


— 

— 

— 


„ 

1,793 


6 

11 07 46 r.M. 

— 

— 

shg 

ht. 

— 


„ 







hon 

zontal 




1,794 

„ 

10 

11 17 53 A.M. 

— 



„ 

slight, 

very 

bliglit, quick 

1,795 

„ 

12 

8 12 64 1- M. 

— 



— 


— ■ 

slight 

1,796 


12 

11 16 25 PM. 

— 




— 


„ 

1,797 


19 

8 59 21 r M. ! 

— 



— 

— 

— 

„ 

1,798 

X. 

1 

2 38 07 PM. 








1,799 1 


7 

9 22 35 \ M 

— 

— 

— 

— 

— 


„ 

1,800 ' 


8 

1 43 08 p.M 

— 

— 

- 

— 

— 

— 

1 „ 

1,801 , 


10 

10 56 01 A.^r 

— 

— 

- 

— 

— 

— 


1,802 

„ 

28 

5 51 26 r M 

— 

— 


— 

— 

— 


1,803 

XI 

6 

I 7 42 59 P M 

— 

— 

i — 1 

— 


— 


1,804 

,, 

7 

11 07 17 A.M 1 


— 1 

1 1 

— 


— 


1,805 


10 

I 8 06 21 A M 

— 

— 

— ' 

— 


1 — 


1,806 


11 i 

1 36 58 PM 

— 

— 

— 1 

— 

; — 

, — 

1 ** '' 

1,807 


1.5 1 

1 0 1.1 61 I’M 

— 

— 1 

— 1 

— 

— 



1,808 


16 j 

6 06 02 P M 

— 

— i 

— ! 

— 

— 



1,809 



11 08 19 A M 

2 50 

S.S.AV., N X.K. 

1 0 1 

0 1 j 

— ' 

— 

j bliglit, blow 

1,810 

Xll 


10 37 29 A.M 

— 

— 

— 

- 1 

— 1 

— 

1 slight 

1,811 


9 1 

7 56 41 K M 

— 

— i 

— 1 

i 

— 



1,812 

„ 

10 1 

4 41 01 PM 

— 

— 1 

— 1 


— 

1 

„ 

1,813 


12 

11 22 26 A M 

— 

— 

— 1 

— j 

— 

1 


1,814 


13 

4 02 47 P M 

— 

— 

1 

1 

— 

— i 


*1,815 


17 

1 17 25 A.M. 

0 07 

S ^ K., X N \V. 

02 i 

1 9 j 

03 

0 6 , 

w e.ik, very quick 







Fir^t 

bt gins 

very slight, 







1 

aud after 5 .seconds it aliow.s 








strong lionzontal motion, 








and e 

Ltnunuc*d 9 st'oouds; 








then 

gradually b ecame 






1 


(juietor. 


1 



* other sliocks wore — Yokohama, Ih. 17m :i9s, slight, Yokosuka, Ih. 17m. 3i)s, weak, Mai- 
baahi, 1 h. .‘lOm. Oils, .shglit ; Gifu, Ih 20m. -lOs., slight. This shock is supijosod to represent a. landslip 
in the Bay of Tokio, for it only extends round Tokio. 


III. On the Installation and working of Milnds Horizontal rendulum. 

By JouN Milne, F,R,S.^ F.G.S, 

General Remarks.— A.& it has been established that the movements re- 
sulting from a large earthquake originating in any one portion of our globe 
can, with the aid of suitable instruments, be recorded in any other portion 
of the same, the Seismological Committee of the British Association have 
asked for the co-operation of observers in various parts of the world in an 
endeavour to extend and systematise the observation of such disturbances. 
The first object in view is to determine the velocity with which motion is 
propagated round and possibly through our earth. To attain this, all 
that is required at a given station is the times at which various phases of 
motion are recorded, for which purpose, for the present at least, an instru- 
ment recording a single component of horizontal motion is sufficient. 
Other results which may be obtained from the proposed observations are 
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numerous. The foci of submarine disturbances — such, for example, aa 
those which from time to time have interfered with telegraph cables— 
may possibly be determined, and new light thrown upon changes taking^ 
place in ocean beds. The records throw light upon certain classes of dis- 
turbances now and then noted in magnetometers and other instruments 
susceptible to slight movements, whilst local changes in level, some of 
which may have a diurnal character, may, under certain conditions, become 
apparent. 

The Instrument . — The general features of a type of instrument which 
the Committee have selected as being sufficient for the attainment of 
the objects in view are shown in the accompanying sketch. 

The instrument consists of an iron bed-plate and stand carried on 


Fic. 1. 



oWat ch 



Stand 

Boom ^ ? r— 




three levelling screws. Resting against a needle-point or pivot projecting 
from the base of the stand, and held in a nearly horizontal position by a 
tie, is a light aluminium boom. Attached to the outer end of this boom 
there is a small rectangular plate in which there are two slits, one of which 
is large and the other is small. Partly for the purpose of balancing the 
weight of the outer end of the boom, and partly for obtaining the ‘ steady 
point ’ of a seismograph between the attachment of the tie to the pivot, a 
weighted cross-bar is pivoted. 

When the boom swings to the right or left, the rectangular plate with 
its slits passes to the right and left across a fixed slit in the lid of a box, 
inside which a 2 -inch (50 mm.) strip of bromide paper is being driven by 
clockwork. Light from a lamp is reflected downwards by a mirror to 
cover the whole of the latter slit. It however only enters the box to- 
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the right and left of the floating-plate and through the slits in the same. 
When the boom is steady, the resulting photogram on the moving bromide 
paper will be, when developed, that of a white band equal in width to 
that of the moving plate, down the centre of which band are two very 
clearly defined lines, one of which is thick and the other thin (figs. 2, 3, 
and fi). To the right and left of this white band the paper will have 
been blackened by the light which entered at the two ends of the fixed 
slit. On one edge of one of these black bands, at intervals of about 
50 mm., there will be seen a series of white marks which have been 
produced by the minute-hand of a watch, the broailened extremity of 
which has hourly at the half-hour passed over the end of the fixed slit, 
and for a period of about one minute eclipsed the light. 

Should the clock at any time have failed to drive the bromide strip 
with regularity this will at once be seen by diflerences in the distances 
between successive time marks. 

Installation . — The instrument may be placed on any solid pier in an 
observatory, on a specially constructed pier in the ground-floor of an ordi- 
nary dwelling, or in a hut or shed in the open. The room should be dry, 
which will generally be the case if means are provided for ample ventila- 
tion. In order that the photographic paper may be examined or removed 
at any time, the windows of the room should be provided with shutters, 
through one of which red light can be admitted. A column or pier of 
convenient size may be two bricks, or 18 inches (45 cm.) square, which 
rises 2 feet 8 inches (80 cm.) above the floor. The base of this may rest 
on a 6-inch (15 cm.) layer of concrete, which in turn rests on a bed of 
gravel rammed in the natural earth. The top of such a column may be 
made smooth by a thin facing of cement, whilst its sides should be oriented 
N.-S. and E.-W. It is convenient to have space to pass round the pier on 
three sides. The table, which projects from the column in a N.-S. direction 
and carries the clock-box should be strong, 3 feet 8 inches (1*12 m.) long, 
3 feet 7 inches (1*09 m.) broad, and rise 1 foot 8 inches (50 cm.) above 
the floor of the room. The upper surface of this table is therefore exactly 
1 foot (30 cm.) below the top of the column. If an existing pier is used 
the height of the table must be increased or decreased to maintain the last 
dimension. The table is made wide to give space for the clock -box, which 
is run out upon it from its covering-case when removing a filnn 

The installation may be on an alluvium plain or on solid rock. 

Adjustment of the Pendulum . — The instrument is to be so placed that 
the boom is in the meridian, or points N.-S. The balance weight is to be 
placed at a distance of 3| inches (87 mm.) from the pivot, and the attach- 
ment of the tie at a distance of about 5 inches (125 mm.). At the latter 
point, but not shown in the sketch, there is a small upright, from the top 
of which a thread is carried to within about 9 inches (22 cm.) from the 
outer end of the boom. This is to prevent the boom from sagging. After 
the bed-plate of the stand has been made approximately level, the boom 
is suspended, as shown in the sketch, with its outer end about ^ inch 
(3 mm.) above the top of the clock-box. To increase or decrease this 
distance the tie, the last inch or so of which at its upper end is made of 
unspun silk, may be shortened or lengthened by means of a screw at the 
top of the stand. 

The next point is to give the boom a certain sensibility, which 
increases as the period of its swing increases. The sensibility which 
must be arrived at is that which corresponds to an adjustment that 
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results in the pendulum having a period of 15 seconds — that is to say, 
it is reached when the pendulum makes one complete swing or one back 
and forward motion in 15 seconds. To make this adjustment the pivot 
against which the boom abuts may be moved in and out until the desired 
period is approximately obtained, after which the front screw of the stand 
may be raised or lowered until the adjustment is completed. To observe 
the period the observer presses with his hand against the side of the 
column. This sets the boom in motion. He then goes to the end of the 
instrument, and, looking downwards through a plate of glass beneath the 
lamp, watches the rectangular plate on the end of the boom and notes 
with a watch how many seconds it takes for the boom, as it slowly moves 
across the scale of millimetres fixed in the top of the clock-box parallel to 
the slit in the same, to complete a back and forward motion* For various 
reasons it seems that in all forms of horizontal pendulums this quantity 
will not remain constant for any great length of time. It therefore must 
be noted, say, once a week, and if any marked change has taken place the 
instrument should be readjusted. For stations founded on rock the pendu- 
lum may be adjusted to have a period of 18 seconds ; but with a pendulum 
having this sensibility in a station on alluvium, the diurnal motion may 
exceed the width of the slit in the clock-box, and with changes of weather 
and the seasons the wandering of the pendulum to one side or the other 
will be so great that readjustments will be continually required. 

The boom is to be brought into a central position by turning one or 
other of the two back screws in the bed-plate. 

Th<i tSe'nnihility of the Instrument. — The distance between the two 
back screws of the instrument is 150 mm. The front one of these has 
0-5 mm. pitch, so that one complete turn of this would tilt the 
stand through an angle the tangent of which would be measured by 
I ^ 0=^ 0 IT* By means of a lever fitting the head of the screw, rather 

than giving it a complete turn, it may be turned 1“, 2°, or any other 
fraction of a complete turn that may be desired, this quantity being 
indicated by a pointer attached to the screw which moves over an arc 
graduated in degrees. For example, assuming that the boom has a period 
of 18 seconds, and we find by several trials that a 1° turn of the 
test-screw corresponds to a deflection of the outer end of the boom of 
5 mm., as shown on the scale opposite the slit in the clock-box, and 
assuming, further, that we can read displacements on the photogram of 
1 mm., under these circumstances we can measure tiltings the angular 
values of which would be 

1 ^ V 1 = • 

2 150 360 5 5400"0'0^ 

and because 1 sec. of arc= 1/206265, it follows that 1 mm. deflection of 
the outer end of the boom corresponds to a tilt of 0"*38. 

If we read deflections to within half a millimetre, to do which there is 
no difficulty, the sensibility of the instrument is doubled. For the object 
in view this is not required, and if a deflection of 1 mm. is obtained for a 
tilt of 1" to 0''*5, this will be sufficient. 

Clock-hox. — This, which can be run on rails in and out of the instru- 
ment-case, has a cover which is removed to wind the clock and put new 
paper in the roll. Once a day, when the lamp is filled and trimmed, and 
the watch is wound, this cover is removed, and the 3 or 4 feet of paper 
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which has accumulated is roughly rolled up. At this time the date may 
be written in pencil on the bromide film on the top of the upper roll. 
The small top roll shown in the sketch should barely touch its neighbour, 
whilst a corresponding roll in contact with the driving- roll should press 
somewhat tightly on the latter. These two latter rolls are not shown in 
the sketch. Should the papers at any time refuse to move freely, it may 
be necessary to alter the adjustment between these rolls to see that they 
have not become sticky by contact with the bromide surface, or even to 
cover the driving-roll with a piece of thin but roughish paper. If 
moisture is suspected as being the cause of a stickiness of the bromide a 
saucer of calcium chloride may be placed in the clock-box. The most 
convenient form in which to use this substance is as cake mixed with 
asbestos. Every week this can be dried over a strong fire. 

Calcium chloride, or other desiccating agents, must not be introduced in 
the instrument-case, for if they are a circulation of air is set up, and the 
boom swings to and fro, giving records which have often been called earth- 
tremors. For earthquake work the driving-roll must be adjusted in its 
outermost position, when it will turn once per hour. In its inner position 
it turns once in twelve hours, when it may be used, for example, for studying 
the diurnal wave. 

The Watch . — This must be compared fairly often with a standard 
timekeeper, and its rate noted. It is particularly important that the 
time at which its hour-hand commences and ends its eclipse over the slit 
in the clock-box be noted, as it is from these markings that the times of 
earth disturbances are measured. This can be done either by watching 
the hour-hand of the watch by looking down the tube down which the 
mirror reflects light, or by watching the same when the clock-box is taken 
out of the instrument-case. 

Developing ^fixing ^ and copying the Film . — The films, which are 25 feet 
in length, are developed once a week. The developer employed has been 
chosen, because the same solutions may be used for several successive 
developments. The stock is kept as two separate solutions, made up as 
follows : — 


1st Solution. 


Sulphate of soda, 1 oz. or 1 part by weight. 

Carbonate of potash, ^ oz. or „ „ „ 

Bromide of potash, ^ oz. (lOgrs.) or^ „ „ „ 

Water, 5 oz. or 6 „ „ „ 


2nd Solution. 


^ oz.(75gr.s.) or ^ 
5 oz. or 5 


For use one ounce of each of these solutions is to be taken and mixed 
with about 24 ounces of water, and the whole is then poured into the 
developing- tray. 

The film is doubled backwards and forwards in this solution, and the 
tray kept agitated until the development takes place, when the solution 
is poured off into a bottle to be kept until the following week. After the 
second time of use it may be strengthened with half an ounce of each of 
the above two solutions, when it will last two weeks longer. It is then 
thrown away. The next operation is to pour water once or twice into the 
developing-tray, and to rinse the film, after which it is dragged bodily over 
the end of the tray into a second tray containing a strong solution of 
hyposulphite of soda (1 hypo and about 4 water). Whilst in this solu- 
tion the folds of the film are one by one gently opened to allow the hypo 
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to penetrate. After 10 or 15 minutes, when, by examination of the back 
of the film, all trace of yellow colour in the film is seen to have dis- 
appeared, the hypo is poured back to its bottle and the film is thoroughly 
washed for at least 15 minutes in several changes of clean water. The 

Fig. 2. — Japan Earthquake ; Carisbrooke Castle Record. 



hypo may be used perhaps twenty times until it has become dirty and 
ceases to have a saline taste. 

The film in its tray of water is then placed on a plank or flat floor. 
One end of the film is pulled out of the tray and placed face upwards on 

Fig. H.— Displacements on September 10. 


T 



the plank or floor, after which the tray is drawn backwards and the film 
runs out and is left to dry. 

Any particular portion of a film may be reproduced by tracing on 
tracing-paper, or by photographical printing. For the latter process 
place the film with its back on a piece of glass or the glass face of a 
printing frame. A piece of bromide paper is placed with its sensitive 
surface in contact with the film, and over this a strip of wood or the back 
of the printing frame, when the whole four are clamped together with 
springs, clips, or indiarubber bands. 
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This is held up to the light of an oil lamp or an ordinary gas-burner 
at a distance of 30 inches for 3 to 10 seconds. Next it is developed in a 
little fresh but dilute developer. If the developer appears too strong, 
add water and a few drops of a 10 per cent, solution of bromide of 
potassium. Too long exposure causes the parts which should be white to 
become grey. A weak acid bath (citric acid 1 part in 40 of water) tends 
to remove stains. In warm climates a saturated alum bath may be used. 
If blisters appear weaken the hypo-bath. 

Although photographic reproduction is here referred to, reproduction 
by tracing is quicker and usually sufficient. 

Tim Photograms . — When the pendulum is at rest the photogram con- 
sists of two straight lines, one of which is thin and the other thick, like 


Fig. 4. — Commencement and Growth of a Tremor Storm. 

lO.P.M. II.P.M. 



those shown over a distance of about a quarter of an inch on the left-hand 
side of fig. 2 (‘ British Association Report,’ 1896, fig. 19, p. 229,*) which is 
the diagram of an earthquake recorded at Carisbrooke Castle, in the Isle 
of Wight, but which had its origin in J apan. The reason that two spots 
of light are used is that for slow movements the fine line gives the best 
definition, but for rapid movements the light passing through the tine slit 
is not sufficient to produce an impression on the photographic surface, 
and therefore, as in the middle of the figure, we have to rely on the image 
from the large spot. 

Because the watch makes its eclipses at the half-hour the intervals 
marked as 20 hours, 21 hours, and 22 hours are read as 20*5 hours, 2T5 
hours, and 22*5 hours, and then corrected from the known rate of the 
watch and the observed time of the eclipses. What is chiefly required 

‘ This figure, like the others, having been reproduced from a wood block, is not 
so clear as the original. 
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from such a diagram is the Greenwich mean time of the commence- 
ment of the preliminary tremors which is near the small arrow, the 
commencement of decided motion, and the duration of the disturb- 
ance. After this, notes may be made of the number of maxima dis- 
placements. 

Such notes, together with a tracing or photographic reproduction of 
the diagram, should be sent to the Seismological Committee, British Asso- 
ciation, Burlington House, London, W. 

In many instances the preliminary tremors, which in the illustration 
continue over an interval of 34 minutes, may only continue over 5 or 19 
minutes, and their duration appears to be connected with the distance at 
which the disturbance originated. The cause of sudden displacements 
without preliminary tremors like those shown in fig. 3 (‘British Association 
Report,’ 1896, fig. 2, p. 190) is at present unknown. They are rare, and 
may be due to subsidence beneath the supporting pier. In a dark room, 
and especially in a warm climate, when removing the clock-box, it is 
quite possible that now and then a minute spider may find its way 


Fig. 6. — Pulsations at Shide, 





into the case. If when moving this box the boom is not set in 
motion, the existence of the work of such an intruder may be suspected, 
and it and its web must be removed. Such troubles are, however, 
very rare. 

A photogram commencing with intermittent long-period movements, 
like those shown in the upper part of fig. 4 (‘ British Association Report,’ 
1896, p. 200), and increasing until they resemble its lower portion, indicates 
that the boom has been swinging from side to side under the influence of 
air currents established inside the case. Such movements, which have 
been called earth-tremors and microseismic storms^ are at times extremely 
regular in their character. These latter, with periods of 2 or 3 minutes, 
are called pulsations (fig. 5. See ‘ British Association Report,’ 1896, fig. 6, 
p. 201). These movements are frequent during the winter months, and 
especially at night. 

Although they form an interesting study, because they may often 
eclipse the record of an earthquake, it is necessary that they should be 
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destroyed or avoided. Often they may be destroyed by giving the room 
in which they are situated a copious and even draughty ventilation. If 
this does not succeed, the instrument must have a new installation. They 
are seldom met with in a badly constructed hut or beneath a tent. 


Examples of Daily Records. 





Error of 


Date 

Light out 

Light in 

Eclipse 

Watch 

Remarks 

1897 

h. m. 

h. m. 

sec. 


Feb. 12 

10.41 

10.55 

-3;i 

Period 18 s. Sensibility 1° — 5 ram Reset 





25^^ to .30". 


21 55 

21.57 



„ 13 

10 30 

10 50 

-.30 1 

Eclipsed light from 10.55 to 10.50, as shown 





by the eclipse watch. 


21 38 

21 40 i 

i 



&c., cVc , &;c., up to the end of the week. 


From the above records it will be observed that the light has been 
removed or extinguished twice a day. The times at which this is done is 
very roughly noted with a pocket-watch. In the morning the lamp is 
refilled, tlie eclipse watch wound, and, if necessary, the pendulum, which 
may have wandered too much on one side, is reset. 

The error of the eclipse watch must, relatively to some standard time, 
be noted accurately. For meaning of ‘ period ’ and ‘ sensibility,’ which 
only need be determined once a week, and which can be expressed in 
seconds of arc, see pp. 139, 110. 

From the mark shown on the developed film when the light is eclipsed 
the time at which the watch commences to make an eclipse mark can be 
calculated. These times, as shown on the dial of the eclipse watch, should 
always be the same, and therefore in order to guard against accident they 
are only made occasionally. By adding or subtracting the error of the 
eclipse watch to the time at which an eclipse mark has been made, the 
exact G.M.T. of this mark is obtained, from which any particular phase of 
an earth movement may be computed. 

Weekly Reimrt. 

At the end of the week a report is drawn up of the records, the 
form of which largely depends upon the movements which have been 
recorded. 

All times must be expressed in Greenwich mean time (civil), the day 
commencing after 24 hours or midnight. Thus the ordinary notation of 
June 16, 1.30 a.m., and June 16, 11.30 p.m., becomes June 16, 1.30, and 
June 16, 23.30. 

The most important elements to be noted about an earthquake 
disturbance are : — 

1. The exact time at which preliminary tremors commence. 

2. The duration of those tremors. 

1897. 


L 
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3. The times at which various maxima of motion are attained, and the 
tilting they represent expressed in seconds of arc. 

4. The total duration of the disturbance. 

5. A tracing of the photogram. 

IV. Observations at Carishrooke Castle and Shide. 

By John Milne, F.R.S.^ F.G.S. 

In the report for last year it was stated that at about the end of June, 
through the kindness of Mr. A. Harbottle Estcourt, Deputy-Governor 
of the Isle of Wight, I had been enabled to establish a second horizontal 
pendulum at Carishrooke Castle, and a description of this installation, 
together with that at Shide, was given in some detail. The object of the 
second installation was to see how far the records of two similar instru- 
ments at some distance apart coincided in character. The Shide records, 
as already reported upon, consist of movements due to earthquakes which 
have originated at some distance — displacements^ which show that tlie boom 
of the instrument has suddenly been caused to swing or change its zero 
points ; tremors^ which are irregular swingings of the boom extending over 
many hours or several days ; pidsatioiis, which are regular back and forth 
movements of a pendulum, which movements have periods of two or three 
minutes ; diurnal waves and seasonal wa'nderings. 

In the following report these movements will be discussed in the order 
in which they are here mentioned, the Carishrooke records being taken 
first. 

The Carishrooke Records. 

The Carishrooke records were obtained between June 16 and August 31 , 
1896. Because the journey to Carishrooke and back entailed a walk of 
four miles, it was only visited once every twenty-four hours. For this 
reason, together with the fact that the clockwork arrangement often 
failed to drive the photographic paper — an imperfection which has since 
been remedied — there were very many interruptions in the continuity of 
the records. Notwithstanding this, a sufficient number were obtained to 
compare with corresponding records at Shide, and to indicate the character 
of Carishrooke as an observing station. 

The earthquakes recorded were as follows : — 

July 5. — Four exceedingly small, elastic switchings of the boom, the first 
at 3 hrs. 6 mins. 47 secs., and the last at 3 hrs. 44 mins. 7 secs. 

July 21. — At 7 hrs. 3 mins. 53 secs, there was a small elastic disturbance 
with 5 maxima. 

August 30. — A very heavy disturbance (see fig. 2), corresponding in 
time, points of maxima, and other detail with the Shide record, No. 36. 
This earthquake had its origin in Japan. 

The first two records, which have amplitudes of *5 to 1 mm., do not 
correspond with records at Shide, whilst there are similar minute dis- 
turbances recorded at Shide which are not visible on the Carishrooke 
photograms. The conclusion, for the present, at least, is that these small 
tremors, which suggest an elastic switching of the end of the boom, are 
very often of local origin, whilst earthquake movements of a pronounced 
character are recorded in a similar manner at both stations. The reason 
that no record was obtained at Carishrooke on August 26 (No. 35 in the 
Shide list) was because on that day the recording apparatus was not in 
operation. The days of such interruptions are indicated on the general 
list of disturbances, pp. 147, 148. 



ON seismIological investigation. 


147 


The midden displacements or disturbances noted at Carisbrooke are 
given on the list just mentioned. As compared with Shide they are very 
few in number, and at the two stations there was no agreement in the 
times at which they took place. 

Tremors and pulsations^ which I am inclined to regard as being due to 
slow and fairly regular air currents within the covering cases of instru- 
ment, were practically absent at Carisbrooke. 

Because the observation of the diurnal wave and longer-period move- 
ments require an adjustment of the clockwork, so that it runs at a 
slow speed, these were not observed. Inasmuch as readings taken of the 
position of the end of the boom showed but little change, it is probable 
that they are sm*'ill. 

Because the latter three classes of movement were frequent at Shide, 
whilst they were practically absent at Carisbrooke, it is evident that the 
latter station is the better site for the observation of earthquakes. 


Displace nwnts ohserved at Carlshrooke Castle arid Shide in 
1, (1 = large displacement ; m. d = moderate displacement; s d = small displacement. 






Shide 


C'ari'>brooko | 




Tuin^ 


Character 

Time 

Character 



11. 

M 

S 


H M. S. 


Juno 1<) 


23 

40 

0 

1. d. 



17 


6 

20 

5() 

s. d. 

__ 

- 

„ 21 


(> 

38 

36 

s d. 

— 

- 



6 

7)5 

18 

s. d 

— 

— 



21 

38 

36 

s d 

- 

— 

„ 22 


7 

4 

24 

1. d 

5 51 40 

1. d. 



18 

45 

12 

1 d 

— 


r, 28 


2 

13 

5 

s <1 

5 34 32 

1 d. 



4 

33 

14 

S d 

10 13 12 

s, d. 

or, 

,, 


10 

18 

16 

m d. 

Not working 


„ 26 


10 

<) 

26 

fe. d. 

„ ,, 

— 

„ 27 


6 

28 

26 

s d. 

7 22 21 

s d. 



8 

16 

0 

s d. 

7 32 31 

s. d. 



13 

31 

26 

s. d 

7 47 HI 

1 d. 



17 

31 

0 

S (1 

Not working 

- 

28 


2 

53 

21 

b <1 

11 11 

— 



6 

47 

4 

s d. 1 

- 

— 



7 

4 

16 

1 d 


— 

;; ‘i!) 


10 

s 

50 

1 d. 

Not working ^ 


July 2 


18 

51 

20 

1 d 

11 11 

i 


10 

26 

47 

m. d 

11 11 




21 

10 

41 

s d 

11 1 

i — 



21 

26 

41 

s. d. 

11 11 

1 



10 

53 

6 

8. d. 

11 '» 

— 



0 

47 

0 

s. d. 

_ 

1 

„ 7 


P 

26 

20 

1 d. 

Not working 

— 1 

U 5) 


n 

43 

11 

s. d. 

11 11 

— 

„ 12 


1 

36 

40 

1. d. 

11 11 

j i 



7 

45 

40 

1. d 

11 1' 



r, 13 


0 

41 

17 

1. d. 

11 11 

! — 



18 

41 

17 

1. d. 



!! ii 


1 

3 

51 

H. d. 


1 -- ' 

„ 17 


r, 

12 

42 

1. d 

Not working 

' - 1 

„ 21 


5 

26 

25 

1. d 

— 

1 — 



10 

8 

48 

s d. 

~ 

! 
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Displacements observed at Carisbrookb Castle and Shide in 1896— 


Date 

Shide 

Carisbrooko 


Time 

Character 

Time 

Character 

July 24 

2 

20 

13 

m. d. 





MM 

8 

34 

46 

s. d. 







n M • 

10 

33 

17 

s. d. 








13 

21 

41 

s. d. 







M M 

19 

69 

41 

s. d. 







MM • 

21 

39 

9 

s. d. 


— 


— 

M 26 . . 

2 

16 

18 

m. d. 


— 


— ■' 

U ft 

9 

39 

12 

1. d. 

12 

30 

10 

1. d. 

M 26 . 

13 

22 

2 

1. d. 


— 




M 27 . 

7 

13 

3 

1. d. 







MM 

10 

10 

27 

.s. d. 







MM 

21 

40 

21 

m d. 







„ 29 . 

2 

31 

33 

m. d. 


— 




MM 

10 

7 

43 

s. d. 







MM 

14 

29 

56 

1. d. 







M 30 . 

4 

14 

39 

s d. 

2 

8 

47 



MM 

10 

17 

16 

s. d. 

19 

30 

7 

1. d. 

M 31 . 

2 

14 

33 

8. d. 







If • • 

10 

21 

27 

s. d. 






n jf • • 

18 

47 

3 

s. d. 







Aug. 1 

2 

2 

66 

s. d. 


— 


__ 

MM 

18 

64 

6 

s. d. 







m2.. 

18 

64 

19 

s. d. 







m3.. 

Not 

working 

— 

5 

34 

0 

na. d. 

„ 4 to 11 . 


— 


— 


— 




M 12 . 

4 

35 

36 

1. d. 







MM 

10 

31 

66 

1 d 







M 13 

2 

16 

26 

8. d. 







M 14 . 

15 

64 

16 

1 d. 







M 1C . 

1 

67 

46 

.8. d 1 








13 

68 

68 

8 d 







f> If 

16 

32 

44 

1. d 





— 

ff If 

15 

49 

0 

1. d. 







M 16 . 

9 

10 

4 

1 d. 


— 





9 

13 

22 

1 d 







M 7? 

21 

38 

12 

1 d 







M 17, 18 


— . 


— 






M - 19 . 

1 

56 

32 

1 d 







* 

17 

19 

54 

1 d 

16 

47 

48 

1. d. 

20 ’. 

2 

26 

41 

1. d. 


— 





IS 

69 

39 

1 d 1 


— 


— 

77 77 

21 

9 

41 

1 d. 1 

20 

7 

60 

m. d 

77 21 . 

9 

36 

37 

8 d. 


— 




77 2.'} . 

22 

26 

22 

1 d. 1 

H 

1 

S 

1. d 

f* 


— 


— 

11 

51 

48 

1 d 

7, 24 


— 




4 

57 

6 

— 

M 28 . 

2 

7 

27 

s. d 





— 


5 

50 

45 

1. d 


— 




77 77 

10 

22 

27 

1. d. 


— 



M 30 

7 

9 

16 

.s d 


— 


_ 


22 

29 

34 

1. d 




__ 


Mecojy/fi n'lth an Earthquake-like Character observed at Shide, 1896 - 97 . 

For the commencement of the Shide records (August 19, 1895, to 
March 22, 1896) the reader is referred to ‘ Report of the British Associa- 
tion^ for 1896, p. 191, in which shocks and displacements are included in 
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one list. The following list only includes movements which have an 
earthquake-like character ; but as it is possible that certain small displace- 
ments may have been mistaken for earthquakes when examining the list, 
the following explanatory notes will make it easy to identify records which 
are doubtful. 

The sign > , or a series of such signs, indicates a small movement, or 
a series of small movements, with an amplitude of about 1 mm., which 
commenced suddenly and ended gradually. It is quite possible that some 
of them, at least, may be due to some local cause — as, for example, a slight 
settlement beneath the pier on which the instrument is rested — and there- 
fore are not earthquakes. The sign or a series of such signs, indicates 
a very small movement, or series of movements, which commenced 
gradually and ended gradually. Such movements have a true earthquake 
character ; but because I have no record where they were nearly simul- 
taneously recorded at Carisbrooke, they must, in many instances, at least, 
be of local origin. 

Disturbances which are ‘ moderate,’ or disturbances which have 
amplitudes exceeding 2 mm., if these commence gently it may be as- 
sumed that they are of earthquake origin. 

All large disturbances commencing with decided preliminary tremors 
are certainly earthquake effects. Those to which an asterisk is attached 
are described at the end of the list in more or less detail. The materials 
for their description have been derived from my own observations, obser- 
vations made in J apan, communications from various observers in Europe 
and Great Britain, the ‘ Bolletino della Societa Sismologica Italiana,’ the 
columns of ‘ Nature,’ and other sources. 


JEarthquakes observed at Shuler Isle of Wight, 1896-97. {All times are given in 
Greenwich mean astronomical time. Midday or noon — 0 or 24 kowrs.^ 




Hour of com- 

No. 

Date 

mencement, 



G.M.T. 



H. M. S. 

1* 

June 14 

22 30 0 

2 

» 22 

10 6 26 

3 

24 

9 47 56 

4 

„ 27 

13 8 36 

6 


13 68 59 

6 


14 .30 19 

7 

28 

9 27 17 

8* 

29 

9 2 261 



9 24 45 j 

9 

30 

10 6 0 

10 


18 21 57 

11 

July 1 

9 40 1 

12 


10 26 61 

13 


11 51 13 

14 


12 36 63 

16 

„ 2 

8 04 22 


Remarks 


Observed also 



s 


a 


.2 

d 

'TJ 




"o 





! Q eo 
o cs 

^ tin 

.. a 


d ^ 


1896. 


Large ^ > 
Small > 


Four maxima 
Small 
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Earthquakes observed at Shide — continued 

\ Obseived also at 




Hour of com- 

j 


No. 

Date 

mencement, 

F ^marks 




GMT. 


i 

B 





.5 

03 

TS 





IS 

"o 





! 




11. M. 8. 




16 


10 11 31 

Mofbsrate, commences gently ' 


17* 


18 61 29 

•• »> '' 


18 

July 8 

It 5t 14 

Bmali ' 


19 


17 46 11 



20 

11 

10 8 49 

Moderate, Four maxima 1 


21 

„ 16 

8 12 53 

Small 1 


22 

M 17 

19 2 40 

Moderalo > 


23 

„ 18 

0 9 48 

Small > 



24 


18 .63 14 




25 


23 52 60 

Small. Several maxima > 



26 

„ 30 

11 26 0] 






13 26 0 j 




27 

» 31 

2:i 26 0 

11 »1 11 



28 

Aug, 12 

23 53 36 

Very small 



29 

14 

10 19 50 

Small ^ 



30 


11 27 16 

yy 



31 

„ 23 

5 38 52 




32 

„ 26 

4 27 31 




33 


5 3 21 

♦ » ♦» 



34 


12 33 15 




36* 

„ 26 

11 23 48 

Large preliminaiy tremor'-^ last 

_ 

~ 




Im. 16s Duration HOm 



36* 

i ,, 30 

20 23 6 

Luige preliminary tremors last 

- 

i 




84m Duration nearly 3h. 



37 

! Sep^.lO 

0 57 51 

Small 



38 

' 

17 36 23 




39 

„ 12 

17 44 32 

Small preliminary tremor.s last 


- 




5in, 44s. 



40 


18 52 29 ’ 

Small 



41 

M 14 

, 0 51 39 ! 

,, > ^ . 



42 

„ 20 

4 20 50 




43 

' 

4 29 10 




44 


4 37 21 

\\ „ 



45 


4 59 10 




46 


16 14 48 

Moderate 



47* 

» 21 

17 2 2 

Total duration — 35m. 

— 

— 

48* 

„ 23 

11 59 50 

Moderate preliminary tremor.s 

— 

- 




7m. lOs. Duration - 28m. 40s. 



49 * 

: „ 24 

10 39 20 




60 

1 i» »♦ 

11 40 24 

Duration — 34m. 6s. 



51 

1 . Oct. 6 

, 12 51 27 

Twelve separated maxima, end- 

- 





ing at 141i. 9m, IS"^. > > .> &c 



52 

1 M 13 

10 17 52 

Small > 



53 

■ n 14 

7 41 25 

Moderate 



54 

1 M 25 

5 57 26 

Small > 



55 

, „ 27 

10 16 10 

> followed at lOh. 28m. 50s. 




1 


by Duration — 21m. 



56 * 

‘ „'31* 

17 18 2 

Large preliminary tremors last 

— 

~ 


1 1 


13m. 51s. Total duration — 






3h. to 4h. 



67 

iNov, 2 

4 9 56 

Small > . ... 




I Nicolaiew 

j Edinburgh, from 
! middle of August , 
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Earthquakes observed at Shide — continued . 



Observed also at 


Hour of com- , 
mencemeijt, : 
G.M.T. I 


S 14 r>S I Small > i 

10 20 12 i „ „ I 

f) 1 40 i „ > > j 

G 27 '11 t I 

8 57 17 ! Moderate 

10 11 0 I Small ' 

3 40 10 ! „ 

G 52 10 ; „ „ 

G GO 2>5 i 

0 41 58 Larpfc pridiiniiiary tremors last j 
IGm. IG^ 'i’otal dmation — j 
55m. 

0 27 20 Model ate ^ j 

21 55 End at 2:ili Olm 2<>s -v j 

8 7 50 Small 


„ 26 0 27 20 Model ate ^ 

Dee. 1 21 55 .’i:i End at 2:ili 01m 2<>s -v 

„ 4 8 7 50 Small 

8 4:3 0 i „ 

0 :t;3 is j 

,, IG 11.00to22()i A sc^e^ ot small tiemoi 
j Maxima I7li OOm 
„ 18 1:1 12 ll I 

IG 28 to 18 2s' Small tremors 
, 2G 11 80 to 2‘^80' 


70 1 Jan. 8 


82 .. 2.1 
Fel) G 


22 80 8 ' 
10 8 to 10 20 I 
28 52 47 I 
0 IG 2 : 

11.8010 10 80 

9 48 20 
1 9 59 8 

11 55 7 i 

14 8 11 1 

I 

8 28 :’,G 
12 80 to 22 :UV 

12 17 47 ! 


89 Mar. 1 

90 „ 2 

91 

92 „ 1.8 

93 „ 15 


14 40 14 
14 49 31 
9 48 11 
22 46 5G 
19 36 27 

4 49 49 
1 87 20 


^ 897 . 

Preliminary tremors last 8m. 
81s. Maxima motion at 
2h 36m. 58.- 

Maxima at 22h 40ni 28s --s . 

Small /— 


Tremors with maxima at 
14h 8m. 50- 
Small 

'rremors last 20m 40-. Total 
duration-- -111 Oni 

Small ^ 

Tremors last 8m. 50s Dura- 
tion — 13m. 20- 
Moderate. Duiation — Ora 20s 
Small /-sx-s..— . 

Four modeiate maxima, endinj^- 
18h. lOm. 27s From Oh to 
lOh. not workinij. 

Moderate > . . . . 


Moderate. Total duration - 
29m. 20.S. 

Small 
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Fig. e.—August 26, 1896. 


-i 





Ftg. 8. — September 21, 1896. 


17.2. e 

i 


O' 


Fig. 7. — September 12, 1896. 


17. 4^, 38 






Fig. 9.— September 23, 1896. 


II 69 50 


Fig. 10.— October 31, 1896. 




Fig. 11. — November 5, 1896. 

S .44. 58 



Fig. 12. 



Fig. 13. — Potsdam, February 6, 1897. 


t 

19 50.30 
C. M T 
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V. Earthquake Records from Japan and other places. 

By John Milne, F.R.S.^ F.G.S. 

Earthquake No. 1. — On the Sea-waves and Earthquakes of June 16, 1896, 
in North Japan. 

(Unless otherwise stated, Japan mean time, or G.M.T. + 9 hours, is here used.) 

The sea-waves which at about 8 p.m. on June 15, 1896, invaded the 
north-eastern coast of Nippon were as destructive to life as those which 
accompanied the well-known eruption on August 26, 1883, of Krakatoa, 
whilst one of the shocks by which they were preceded was of such severity 
that it was clearly recorded in Europe, and in every probability caused a 
disturbance over the entire surface of the globe. 

The magnitude of this disturbance, and the sub- oceanic changes by 
which it was probably accompanied, make it well worthy of record. The 
sources from which the following notes bearing upon this catastrophe have 
been derived are various. Amongst the more important are translations 
from the writings of Professor Kochibe and other officers of the Geological 
Survey of Japan \ extracts from Japanese newspapers ; the records of the 
Central Observatory in Tokio, and those from a large number of other 
Observatories at which disturbances were recorded ; and, lastly, the writer’s 
personal knowledge of the devastated districts, and experiences connected 
with sea-waves and earthquakes which have previously occurred in the 
same locality. 

A full discussion of the phenomena which accompanied this great 
catastrophe might be divided under two heads, one containing an account 
of the earthquakes which were recorded, and the other an account of the 
sea-waves. 

Although one or two houses were destroyed by earthquake movement 
in Yamada, the greatest destruction was that caused by sea-waves, of 
which the first three were the greatest. The places which suffered most 
were Kamaishi, Yosbiyama, and neighbouring towns and villages lying in 
the inlets of the cliff-bound coasts of Rikuzen and Rikuchu, on the 
N.E. coast of Nippon. Fishermen twenty or twenty-five miles off shore 
did not observe anything unusual. 


List 1 . — Shocks recorded in Japan on June 16 and 16, 1896. 


Time (M.J.T.) 

Duration 

1 Direction 

liemarks 

Intensity 

H. M S. 





7 32 30 P.M. 

7 63 30 

5 m. 

f The high tide came, 

\ and continual shocks 

J E.N E. 
t W.S.W. 

A few houses 1 
damaged j 

slight 


[ were felt. 




8 2 36 

8 23 15 

8 33 10 

8 69 0 

9 31 30 

9 34 5 

9 45 40 

9 50 10 


' 



10 32 10 

11 22 0 

11 33 16 


j 
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list is that of thirteen shocks noted on June 15 at the Ob- 

servatory in 

Miyako, a place lying to the north of Kamaishi and Yamada, 

where the sea-waves were felt with great force. 

The following is a list of shocks noted at observatories in various parts 

of Japan. 

The Tokio shocks will also be found in the list of records from 

the Meteorological Observatory in that city (pp. 135-( 

5, Nos. 1,710 to 1,740). 

Of these latter, it will be noted that there were only three of marked in- 

tensity, and 

it does not seem t 

hat these were connected with the occur- 

rence of the first sea -waves. 

2 — Earfhqualics noted at OMerra fortes in Northern Japan in 1R9G 

Dat^* 

Japan Mean Time 

(3uira(5ter of Shock 

Place 

JUJK' 1.”) 

ir M s 
f) 4G J.") l* M. 

'>li£^ht 

' 

Fukuoka. 


n 0 

” 

(Ihoshi 


r> 44 43 


'I'okio 


5 47 13 

„ 

Kofu. 


7 20 

weak, slow 

Awoniori. 


7 31 0 

slight, slow 

Fiikusliiina 


7 34 U 

weak, slow 

'I'okio 


7 30 20 

slight, slow 

Nemuro. 

19 

7 3t 3.0 

weak 

HnkoOate 

* 

7 31 4 ”) 

slii^ht, slow 

Sakai 

1 

7 3,") 0 

weak, slow 

Utsimomiya. 

1 '• 

7 3fi 2! 


Kofu. 

' 

7 39 0 

vhght 

Yamagata 

i 

7 15 57 


Fukushinia 

1 

7 IS 43 




7 52 0 




7 57 0 

slight, slow 



S 3 0 

,, 

Awomori. 


H 7 5o 

slight 

Yamagata. 


S 5 3,5 

weak, slow 

Kot u 

” 

8 10 26 

slight 

Fukushima. 


8 21 20 


Awomori 


8 27 20 

’’ 

Fukusliirna. 


8 32 45 


Awomori. 


8 33 53 


Tokio 


8 .‘IS 10 


Awomori. 

9 f 

8 59 23 

slight, .slo\\ 



8 59 35 

shglit 

Fukushima. 


9 0 3S 


'J'okio. 


9 2 31 




9 3 45 


Kofu 


9 () 20 


Yamagata. 


9 11 37 ! 


Fukushima 

V 

9 13 55 


Awomori. 


9 1111 

' 

Tokio. 


9 17 20 i 


Kofu 


9 19 40 


Awomori 


9 21) IS 


Fukushima. 


9 27 35 


Tokio. 


9 27 52 1 

! 

Awomori. 


9 32 0 ' 




1 9 41) 31 




9 41) 57 


Fukushima. 


0 49 30 


Awomori. 


9 51) 30 




9 66 39 


Tokio. 

Jf * 

9 59 52 


Kofu. 
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Date 

June 15 

June 16 


List 2 — continued. 


Japan Mean Time 

Character of Shock 

Place 

jr. M. H 



10 2 0 

slipflit 

Yaraagata 

10 0 25 

,, 

Awomori 

10 .32 36 


,, 

11 ly 7 


,, 

11 30 18 



11 56 30 

1 


0 34 51 AM. 



0 48 45 



0 40 0 

VVfuk, slow 1 

l^hinomaki. 

0 41> 48 

sli^lit 

Tokio. 

0 51 8 


Kofu 

1 5 22 


3'okio, 

1 5 45 

1) 

Awonion. 

1 25 33 



1 32 14 


Tokio, 

1 47 2 


,, 

1 47 36 


Kotu 

1 52 0 

.. 

Yamagat.i, 

1 57 53 

,, 

Awomori. 

2 30 0 



3 16 50 

weak, slow 

Utsunomiya 

4 15 20 

slight 

h nkuslnnia. 

4 16 30 

weak, (juick 

Tokio 

1 16 35 

sliglit, slow 

Sakai 

4 17 0 

slight 

Awomori. 

-1 1 8 5 

Niigata. Clocks 

4 18 28 

weak, slow 

stopped 

Kofu. 

4 22 0 

slight 

Yamagata. 

5 1 9 

11 ! 

'I’okio. 

6 1 48 


Awomori. 

6 40 1 


'J oUio 

7 17 16 


Aw’omori. 

7 51 12 

,, 

,, 

8 0 49 

weak 

1 ” 

8 0 50 

slight 

i Fukushinia 

8 1 14 

w eak, quick 

Tokio. 

8 3 4 

weak 

1 Kofu 

8 6 0 

slight 

j Yamagata 

8 14 17 


! Awminon 

h 14 45 

„ 

i Fukushinia. 

8 15 20 


1 Tokio. 

8 16 29 


! ,, 

8 20 20 

,, 

1 Yamagata. 

8 22 57 A M. 


1 Awomori. 

8 58 29 


Hikone 

9 30 35 


1 Awomori. 

9 32 1 


j Tokio. 

9 46 11 


! Awomori. 

9 47 11 


Tokio. 

10 1 7 


Hikone. 

0 25 26 P.M 


j Fukushima. 

0 26 12 

! 

1 ” 

1 Tokio. 

1 15 3 

! ” 

>> 

1 28 38 

i 

,, 

1 29 48 

1 

1 

,, 

3 11 31 

1 

: 
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Nearly all these disturbances were only felt in the northern part of 
Nippon. Thirty-three were noted in Awomori, 26 were recorded in 
Tokio, 15 in Fukushima, 10 in E.ofu, 7 in Yamagata, and 2 in Sakai. 
The two shocks recorded at Hikone, which is 450 miles distant from 
Miyako, were probably of local origin. The fact that the Miyako earth- 
quakes were only sufficient to disturb seismographs in North Japan, whilst 
the effect of one at least of the series was recorded in Europe, indicates 
that the origin of these movements was far from land. Had it been a few 
hundred miles still farther off shore it seems likely that ordinary seismo- 
graphs, recording on smoked-glass surfaces, would have failed to have 
given any indications that submarine disturbances had taken place. We 
have, therefore, here an illustration of the necessity of using horizontal 
pendulums with photographic recording apparatus, or the equivalent of 
such instruments, if we desire to study sub-oceanic movements or the 
effects produced by earthquakes which have originated at great distances. 

Sea-tvat'ies. — Coast of Rikuzen and Rikuclin (Horae Department 
Report). — First high water at 8.25 p.m. Altogether ten large waves, the 
first three being at intervals of six minutes. 

Miyako, — First high water, 8.20 p.m. Sea retreated about 7.15 p.m. ; 
sea rose about 8.0 and 8.7 p.m. This last tide or wave rose 15 feet, and 
people and houses were carried away. The tide rose six times. 

Tawoi inura. — Sea retreated 1,800 feet. 

Hakodate (Yesso). Tides rose and fell from 10 p.m. on the J5th until 
10 A.M. on the 16th. At 4 p.m. on the 16th quiet was restored. 

Mororan (Yesso). — High tide at 8 p.m. 

Tokachi and Moyori (Yesso). — At 11 p.m. the tide was 10 feet lower 
than usual. It rose four or five times to heights of 60 or 100 feet. 

Kinkazan. — Tide gauge showed changes of 7 or 8 feet. 

Bonin Ids. — Tide rose 3 or 4 feet. 

Hawaii. — In fourteen hours fourteen tides were noticed, commencing 
at 7.38 p.m. 

Sounds. — Sounds like thunder or the report of a heavy gun were heard 
at many places, at >riyako before 8 p.m. ; at Kitsugawa, in Miyagi 
Ken ; at Tokachi and Moyori, in Yesso, etc. 

Unusual Set of Ocean Currents. —Sweeping up the eastern coast of 
Japan is the great Black Stream, or Kuro Siwo, the strength of which, 
as indicated by the distance to which it is felt and its position with 
regard to the coast, is subject to seasonal variation. Along the inundated 
coast a warm current is felt from spring to autumn, whilst during the 
winter months the same shores experience a current that is cold. In 
1896, spring passed, and yet the cold water hugged the shore, and the 
fishermen seeking bonito had to go farther than usual from land until 
they reached warmer waters. 

Origin of the Disinrhance. — Because the village of Taoi was destroyed 
by two great waves, one coming from the south and the other from the 
north, it has been assumed that at a distance of from five to eight miles 
off the village a submarine landslip had taken place, and the waters rushed 
inwards towards the scene of dislocation. Because places along 150 or 
200 miles of the coast on which Taoi is situated were inundated at about 
the same time, as Professor Kochibe points out, it is clear that the origin 
of the convulsion was at a very much greater distance from the land than 
that just indicated. 

Because the sea- waves were preceded by earthquakes it is evident 
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that at least one of the latter must have been accompanied by enormous 
dislocations in order to have produced the former. 

These earthquakes, as recorded on land, were comparatively small, 
which, from what we know of the dissipation of earthquake energy as it 
radiates from its origins, indicates that the earth vibrations must have 
travelled at least 100 miles. 

The least interval of time that we can give between the arrival of the 
vibratory wave and the sea-waves is that observed at Miyako, which is 
21 minutes. 

If we assume a mean depth for the ocean off the north-east coast of 
Nippon, along an easterly line, to the origin of the disturbance at 2,000 
fathoms, then the distance from the land to the origin may be expressed 

v/12000x//x21 x60, 
or about 130 geographical miles. 

Again, if we assume to be the velocity of the .sea-wave, which may 
be taken at 500 feet per second, this being a somewhat low observed 
velocity for earthquake sea- waves approaching this coast; -y, the velocity 
of the vibratory waves, which over a short range has often been observed 
at 7,000 or 8,000 feet per second ; and T the observed interval of time 
between the arrival of the two waves, then the distance of their origin 
from the coast is 

or in this case about IIS geographical miles. 

If we make yo=r600 feet per second, the distance of the origin becomes 
about 140 geographical miles. 

Because we have taken the least interval that can be assigned to tin* 
difference in the times of the arrival of the land and sea-waves, it may 
be concluded that the origin of the Japan disturbance of June 15 was 
along a submarim*. line at a distance of 120 to 140 geographical miles off 
the coast of North-east Nippon. 

Such a locus is at a depth of 4,000 fathoms, and, so far as we know 
the sub-oceanic contours, exactly at the bottom of the Nippon slope, 
forming the western boundary of the Tuscarora Deep, a well-known 
origin for many large earthquakes (see map, tig. 14). 

Although much evidence may be adduced to show that early in June 
1896 the ocean currents were deranged in direction and intensity, the 
cause of the submarine dislocation was probably seismic. 

Velocity oj Propagation of Earth -waves — Assuming the origin to lie 
120 geographical miles east of Miyako, to which place it travelled at a 
rate of 8,000 feet per second, which fairly well accords with the velocity 
it travelled from the Miyako isoseist to Tokio, and velocities of propaga- 
tion of similar eartlnjuakes over short ranges, the time, within a few 
seconds, at which the earthquake occurred was, in G.M.T., June 14, 
22h. 31m. O.s. 

G.M.T . — 'rimes at which Preliminary Tremors commejiced m Earope. 


H. >'• S INI. 


Padua . 

. 22 

4r, 

iU 

Time to travL'l , 

. If) 

57 

Ischia . 

22 

49 

TiO 

,, 

. 18 

60 

Rocca di i*apa 

. 22 

r>(> 

IS 


. 25 

18 
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Fig. U.—Map to show submarine earthquake origins near Japan. 
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The last observation evidently refers to a pliase of movement different 
from that of the first two, and therefore will not be further considered. 

Padua. . . 9,320 kms Velocity . .97 kins, pei 

Ischia . . 9.749 „ . 8-7 „ 

We should expect to have found these two velocities to have been nearly 
equal. Their mean value, or the probable rate at which motion was 
transmitted from Japan to Italy, was 

9-2 kms. per sec. on an arc 
And about 8 3 „ ,, „ on a chord 

The velocity of transmission to Tokio was about kms. per second. 
Earthquake Xo. 8 {Cyprun).^ 

A severe earthquake took place in Cyprus on June 29, at about 
8h. 48m. Os. Other records of this disturbanci^ were as follows : — 


1. Shide 



H. 

. 9 

M. 

2 

s. 

20 

2. Ischia 



. 8 

18 

20 

3. Ilocca di Papa . 



. 8 

48 

27 

4 Koine 



8 

48 

35 

5. I’adua 



8 

49 

0 

fi Catania . 



8 

.50 

30 

7. Nicolaicvv 



8 

47 

0 


The observations 2 to 7 clearly indicate a larg(‘ error in the obser- 
vation made near the origin in Cyprus. The only calculations of velocity 
which can therefore be made are on paths between the Nicolaiew isoseist 
and the first six places. 




Distance in Kens 

Time of Transit 


Places 

Distance in Kms. 

from the 

from the 

Velocity ’u Kmb 

from Cyprus 

Nicolaiew 

Nicolaiew 

per Sec 


lsi>seist 

Isoseist 


Nicolaiew . 

1,3.32 


u s. 


Catania 

1,584 

! 352 

' 3 30 

1-7 

Ischia 

1,813 

! 481 

1 20 

G 0 

Koine . 

1 ,998 

* Gor. 

1 31 

7 3 

Padua 

2,192 

i 8 GO 

2 0 

7 1 

Shide 

3.104 

j 2.072 

!' 

f 2 2 


The first and last determinations may possibly r»ffer to the maximum 
phases of motion, and the three intermediate ones to the velocity along a 
path at some depth beneath the surface. 

We have here an illustration of high velocities of propagation, which 
we sometimes find between places (‘ach of which .iie at a distance from 
an epicentre. 


Earthquake in Iceland j No. ‘k), lSi)(>. 

August 26, at about 10.30 p.m. in local lime. V^ery severe shocks 
originating in or near the Hekla ridge. Many landslides, four houses 
thrown down. One fissure on the Oelvus River, G miles long. New 
geysers appeared. Great surface changes. 

August 27, 9.15 a.m., also severe. 

' See liritlsh Association lleport^ 189n, pp. 199 and 200. 



160 


REPORT — 1897. 


September 5, 11.30 P.M., also severe. 

„ 6, ‘J.O A.M. „ 

„ 19, 11 L>0 A.M. „» 

The above dates and hours, whicli latter, in all probability, are only 
approximately correct, become in Greenwich mean time as follows 


ir. M. 11. M. 

Aiifr. 26 11 60 and 22 35 

Sept. 5 12 50 „ 16 60 

„ 19 0 40 


The first of these was recorded at >Shide, Edinburgh, Strassburg, 
Ischia, Potsdam, Nicolaiew, Kew, Paris, and possibly at other places. 
The remainder were not noted at 8hide, because at the hours mentioned 
the instrument was not working, excepting on the 19th, when there was 
a heavy tremor storm. The second and third were recorded at Strass- 
burg, and the third and fourth were feebly shown at Edinburgh. 


G.M.T. 


Slilde Records — 

H. 

M. 

s. 

Commencement ....... 

11 

23 

48 

End of preliminary trerao IS . . . . 

11 

25 

4 

1st max. attained 

11 

26 

12 

2nd „ „ 

11 

27 

39 

3rd „ „ 

11 

32 

0 

End 

12 

10 

0 

Rdinhurgh Royal Observatory (Bifilar Pendulum)— 

Commencement 

11 

10 

0 

End 

11 

30 

0 

Kew (Declination Curve) — 

1st small crest 

11 

27 

0 api^rox 

2nd „ 

11 

29 

0 „ 

3rd „ „ . 

11 

31 

0 „ 


Paria {Parc Saint Magnetic ’ perturbations 

observed by M. Moureaux — 



11 

86 

0 


11 

42 

0 


11 

46 

0 


Magnetometers 

disturbed. 


at Greenwich, Falmouth, and Stonyhurst were not 


Strasshvrg (Hori/.ontal pendulum used 

by Dr. 

G. Ger- 




land) — 









H. 

M. 

s. 

Commencement . 



11 

22 

9 

Maximum 



11 

22 

37 

Until 



12 

13 

47 

End .... 



12 

68 

37 

Rome ...... 



11 

23 

0 

Rocca di Papa (15-metre pendulum). 



11 

26 

20 

„ (7 „ „ ). 



11 

36 

50 

Catania, S E.-N W 



11 

26 

4 

„ N.E.-S.W .... 



11 

26 

58 

Padua . .... 



11 

30 

0 

Jscliin, E W. ..... 



11 

30 

64 

N 30°E-X. 30°W. 



11 

31 

64 

N 30° W.-fS. 30° E. 



U 

31 

64 

‘ See Nature, Oct. 15, 

1896, p. 

574. 
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The following table of distances from Hekla, in Iceland, to places 
where movements were observed, together with the times at which the 
latter commenced, shows that it is impossible to make any reliable calcu- 
lations respecting the velocity with which motion was propagated. The 
causes of the discrepancies are probably to be found in the differences in 
the form of the instruments employed, and the want of a sufficiently open 
time scale on many of the record-receiving surfaces : — • 






Kna«. 

H. 

M. 

s. 

Shide 




. 1,8:U 

11 

23 

48 

Strassburg . 




. 2,8G.S 

11 

22 

i) 

Padua 



. 

. 2,775 

11 

30 

0 

Rome . 




. H,1H2 

11 

23 

0 

Ischia 




. .3.367 

11 

30 

64 

Catania 




. 3,747 

11 

25 

4 


Earthquake No. 36 (^N.E. Japaiiy Namhii). 

For the phases of this earthquake as recorded at Carisbrooke Castle 
and at Shide, see ‘Report of the British Association,’ 189G, pp. 229, 230. 
The photogram is reproduced in this Report, p. 142. 

This shock created considerable destruction in the north-west part of 
Nippon. It was recorded in Tokio as a slow horizontal movement with a 
slightly vertical component, but the records from ordinary seismographs 
were too small for accurate measurement. The time of its commencement 
in Tokio was, in local time, 5h. 9m. 33s. p.m., or in G.M.T., 20h. 9m. 33s. 

When this motion was recorded the disturbance would have advanced 
4° on its path towards Europe. 

The time taken for three of the various phases of motion to reach 
Shide and the Isle of Wight, and the velocities of propagation, were as 
follows : - 


H. 

M s. 


Velocity on 
Arc. 

Kms. per Sec. 

Velocity on 
Chord. 

Koip. per Sec. 

Phase 1. Tremors . 

13 33 


11 11 

9 40 

„ 3. Heavy motion . 

47 33 


3 15 

2 68 

„ 5. The maximum . . 1 

4 53 


2 3 

1 90 

The following table is a comparison 

of 

the Carisbrooke Castle 

Strassburg records : — ^ 

Carisbre oke 

Straesburg 

Difference 


H. M. 

.V!. 

H. M. s. 

M. s 

Commencement of tremors . 

20 23 

(> 

20 17 .50 

5 10 

,, „ max. 

20 .57 

0 

20 29 50 

27 10 

End 

23 10 

20 

2.J 38 2 

21 42 

Duration ..... 

2 .53 

20 

3 20 12 

26 52 

Duration of preliminary tremors . 

31 

0 

12 0 

21 51 


Because earthquake movement dies away gradually and fitfully, it is 
not at all remarkable that there should be nearly 27 minutes difference in 
the recorded duration of the disturbance as shown at Carisbrooke and 
8trassburg. The differences between the two records which are noticeable 
are in the times at which the preliminary tremors commenced and their 
duration. Jlecause Carisbrooke is not more than 360 kms. farther from 
North Japan than Strassburg, it might be expeiJed that the preliminary 
tremors at the latter place would have been observed about half a minute 
before they reached the Isle of Wight. A difference exceeding five 
minutes either indicates that the Carisbrooke instrument is less sensitive 

* Nature, Apiil 15, 1897, p. 558. 


1S97. 


M 
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than that at Strassburg, or else that between the Strassburg isoseist and 
the Isle of Wight, motion was propagated at only a little over 1 km. per 
second, which, it may be noted, is a rate of transmission often observed 
over short ranges near to an epicentre. An inference to be derived from 
this is, that for purposes of comparison it is desirable that all stations 
should l)e furnished with instruments of equal sensibility. 

If we accept the Strassburg record of the arrival of the first tremors as 
correct, then the average velocity of propagation from Japan to that place 
exceeded on the arc 18 kms. per second, whereas the average of very many 
other observations on the same path have yielded apparent velocities of 
half this quantity. 

The origin of this disturbance was along two almost north and south 
lines in the middle of North Nippon. It may be taken as lying to the 
north and south of a point in 140° 50' E. long, and 39° 40^ N. lat. 

The times at which the shock was automatically noted at various towns 
were in local time as follows : — 

n. M. s. 

Miyako . . . , . . . , 5 8 65 r.M. 

Awomori 5 8 11 

Yamagala 5 8 0 

Ishimaki 6 8 10 

Tokio 5 0 :*.P> 

The distance between Tokio and Yamagata is about 150 g.ni., and 
Tokio and the origin 240 g.m. Between the first two places the time 
taken for the vibration to travel was 90 seconds, indicating a velocity of 
about 10,000 feet per second. Assuming this to be correct, then the time 
taken from the origin to Tokio would be 2m. 44s., from which it may he 
concluded that the shock originated at 5h. 7m. 9s., or, in G.M.T., August 30, 
20h. 7m. 9s. 

The times at which the commencement of this disturbance was noted 


in Europe were as follows : — 

n. n. s 

Shide 20 23 (; 

Strassburg 20 17 50 

T^clna 20 20 30 

Kocca di Papa (n maximum by a horizontal pendulum) . 21 3 50 

( ,, „ 7-nictre „ ) . 20 55 0 

„ ( „ „ 15 „ „ ) . 20 41 15 

Rome .... ... . 20 21 15 

Catania, N.E -S W 20 25 21 

„ SE-X.\y .20 21 18 

Nicolaiew . . 20 7 30 

Time of origin in IS'orth Jr. pan 20 7 9 


Omitting the observations at Rocca di Papa and Nicolaiew, the fol- 
lowing velocities have been determined : — 


- 

Shide 

Strassburg 

Ischia 

Rome 

Catania 

Time of transit 

15m. 57s. 

10m. 41s. 

Elm 21s. 

14m Os. 

Hm. 39s. 

Distance on arc, in km.s. 

9,290 

9,157 

9,408 

9,564 

9,790 

Distance on chord, in 




kms. 

8,532 

8,M7 1 

8,008 ; 

8,098 1 

8,804 

Velocity on arc, in kms. 





per sec. 

Velocity on choid, in 

9-7 

14 2 

11 8 

11 2 1 

11 1 






kms. per sec. 1 

8-9 

13 1 

10 7 

10 2 1 

10 0 
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The previous calculation for Strassburg was from the Tokio isoseist, 
but even the present result seems very high, whilst that for Shide is a 
little low. 


Earthqualx^ No. 47 (September 21, 189())- 



Distance from 
Tiflis 

Time, G M.T. 




II. 

M. 

s. 

Shide 

32° 

40' 

17 

2 

2 

Fuceecbio 

- 

- 

16 

51 

50 

Homo . ......... 

23° 

18' 

16 

53 

25 

Ischia .......... 

23° 

0' 

16 

63 

5S 

Padua 

24° 

0' 

16 

54 

0 

Rocca di Papa, E -W ... .... 



16 

54 

0 

Catania, N.E -S W ! 

23° 

0' 

16 

54 

s 

„ S.E-N.W 

- 

_ 

16 

54 

16 

Pavia ........ 

25° 

20' 

16 

55 

:u) 

Nicolaicw . ....... 

- 

- 

16 

52 

0 


The origin may have been near Tiflis, 


E«rth< 2 uake Ko. 48 (S('i)tcmbcr 23, 1890). 






G.M.T. 


n. 

M. 

s 

Shide 

11 

5i) 

50 

Caltagirone ......... 

11 

50 

0 

Catania, N E -S \V. . 

11 

51 

10 

„ N.W.-SIO . 

11 

52 

4 

Ischia ... 

11 

52 

8 

Rome . . . ... 

11 

52 

5 

Rocca di Papa 

11 

58 

30 

Pavia .... ... 

11 

54 

0 

Nicolaiew 

11 

52 

0 

EarthqnoKo No. 40 (September 24, ISOt!). 






G.M.T. 


H. 

M. 

s. 

Shide (onl} paitly shov.ui) ... . . 

10 

31) 

20 

Iscliia . . . . .... 

10 

16 

33 

Rome .... . . . . 

10 

46 

*10 

Catania, N E. -S.Al'. . . .... 

10 

46 

.50 

„ S E.-.\.AV . 

10 

46 

47 

Nicolaiew . . ....... 

10 

41) 

0 


Earthquah' No. oh (October hi, 189()). 




G.M.T. 

(4bservation.s at Shide, Isle of Wight — 

H. 

M. 

8 

Preliminary tremors commence . 

. 17 

18 

2 

„ ,, end .... 

. 17 

31 

55 

„ „ duration . 


13 

63 

1 . Large waves 

17 

31 

55 

2. Maximum 

. 17 

53 

25 

3. Maximum ...... 

. 18 

0 

35 

End of di&tuibanto al oat .... 
Duration, 3 or 4 lu)ui>. 

. 21 

0 

0 

Nicolaiew, commencement .... 

. 17 

5 

30 

Ischia, „ 

. 17 

8 

5 

I'otsdam, shock at 

rigin probably Tashkent. 

. 17 

21 

6 
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Earthquake No. 67 (November 6, 1896), 


Slade Records : 

Preliminary tremors commence 
„ „ duiation 

Maximum .... 
Duration of disturbance about 
Nicolaiew, commencement 
Ischia, „ 


G.M.T. 

H. M. S. 

9 44 r>H 
15 4 (; 

10 0 47 

55 0 

9 39 .30 

9 54 17 


Earthquake No. 73 {Seveim Valley), 


Shide Records^ December 16, 1896. 

The earthquake which created so much alarm in the Severn Valley 
at about 5.30 a.m. on December 17, when chimneys were shattered and 
certain buildings more or less unroofed, was only barely perceptible in 
the Isle of Wight. The booms of the seismographs at Shide were not 
slowly tilted from side to side, as is the case when they record earthquakes 
originating at a great distance, but merely set in a state of elastic vibra- 
tion, behaving, in fact, like the pointers of seismographs intended to 
record movements which we feel. The range of these elastic movements, 
for the most part, were about 1mm., and did not exceed 3 or 4mm. tine 
marked motion commenced at 17h. 30m. 55s., and lasted 5 minutes. 

These tremors, which were intermittent and not continuous, as is 
the case in an ordinary tremor storm, commenced al^out 11 P.M. on the 16th, 
and ended at about 11 a.m. next morning. The duration of each group 
was from 1 to about 6 minutes, and they were separated by intervals of 
5 to 60 minutes. Twenty-two of the tremor groups shown by one instru- 
ment apparently closely agree in time with 22 maxima shown by a second 
instrument in another room. 

Because there were certainly movements or phenomena observed 
indicating movements of the ground before and after the chief shock, 
the approximate times at which a few of the twenty-two groups of 
tremors were noted are here given. 

December 16 : at about 11 hrs. ; after 14 hrs. ; at 15 hrs., two 
groups ; 16 to 18 hrs. an intermittent series, with a maximum al)oul. 
17h. 30m. ; between 18 to 19 hrs., two groups; and the last at about 
22 hrs. 

Should it be found necessary, the exact time of each of these may ])o 
computed from the original photograms. 

Details connected with many observations contained in the first two 
columns will be found in ‘Symons’s Meteorological Magazine,’ January 
1897. These observations indicate that during the night of December 16 and 
17 persons living in widely separated districts were from time to time dis- 
turbed by what they considered to bo a tremulous motion of the ground. 
Because it was night time, in no instance that I am aware of can it be 
assumed that accurate time observations were made ; and, therefore, a 
few of them have been bracketed together, as possibly referring to the s.ime 
disturbance. 

The Leicester and Hampshire observations, made between 9.30 a.m. 
and noon, strangely enough, were the result of observing similar pheno- 
mena, namely, the twitching of telegraph wires. In Leicester this was 
seen by a number of persons, the wires vibrating vertically in an unusual 
and extraordinary manner, there being no wind or other cause to which 
the movement could be attributed. 
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Tremors Observed before the Shock on December ]6, at about llh. SUwt. 1896. 




I.W. Seismo- 


T.W. Sei^mo- 


Place 

Time 

graph 

T 

Duration 

Duration 


H. M. 





Rochdale 

after 10 0 





Brixton . 

11 0 





Bangor . 

13 42 

H. M. 9. 

M. S. 

H. M. S. 

M. s. 



14 3 52 

4 18 

14 4 31 

2 47 

Near Worcester 

14 10 

14 12 28 

2 52 

14 11 29 

2 47 

Maidenhead 

14 55 

14 36 38 

7 10 

14 39 11 

4 5 

Worcester 

15 0 





Salop 

15 15 





Worcester 

15 35 






11 

15 50 


15 53 57 

4 5 

15 50 34 

5 45 

Wolverhampton 

16 0 






Droitwich 

16 15 







16 20 


16 25 18 

2 44 

16 24 3 

1 23 

Cardiff 

16 30 






Hereford . 

16 50 

16 42 2 

14 0 

16 13 45 

max. 

Salop 

17 0 





Alderley Edge 

17 1 





Hereford . 

17 20 

17 10 2 

1 24 

17 11 29 

max. 

„ . . . 

17 30 

i 





Tremors Observed after the Shock on December 16, at 17//. 32///. 1896. 


Place 

Time 

I.W. Seisnio- 
grsph 

T 

Duration 

I W. Seismo- 
graph 

W 

Duration 


H M 

H. M. S. 

M. S. 

n. M. s. 

M S 

Dulwich . 

17 50 \ 

17 54 33 

5 45 

17 60 5 

6 49 

Southampton . 

17 57 i 

18 8 30 

13 67 

18 5 15 

4 5 

Leicester . 

21 30 

21 21 3 

2 47 

21 24 11 

5 27 

J1 , . • 

23 0 

22 42 22 

2 52 

1 22 36 27 



(about) 



i 


Hamp.shire 

after 24 0 

23 49 2 

22 22 

i 



At the time the tremors were recorded Seismograph T was moving 
under the influence of convection or other air currents. From time to 
time, however, it showed maxima of rapid motion, which indicates the 
existence of an influence superimposed upon the slow swing. The times 
of the commencement of these maxima are therefore not closely defined. 
Notwithstanding this want of definition, it is worthy of note that eleven 
of these records closely agree with the coinniencenient of ten groups of 
tremor records obtained from Seismograph W in another room, and the 
times at which persons in various parts of England believed that they 
had been disturbed by slight earthquakes, or had seen evidences of earth 
movement. 

During the night there were altogether thirteen tremors at which the 
seismographs moved simultaneously ; but it must be noted that there were 
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a number of extremely small movements recorded by the two seismo- 
graphs which did not agree as to their times of occurrence. 

Should further comparisons of the records lead to agreements similar 
to those here indicated, the conclusion will be that England is much more 
frequently shaken by very small earthquakes than is generally supposed. 


Earthquake No, 83 (February 6, 1897). 



G 

M. 

T. 

SJtide Records : ' 

H. 

M. 

s. 

Preliminary tremors commence 

. 19 

59 

3 

2nd max. 

. 20 

5 

43 

3rd „ ... 

. 20 

9 

43 

4th „ ... 

. 20 

15 

3 

1st large waves commence .... 

. 20 

15 

43 

„ „ „ end 

. 20 

22 

23 

2nd ,, „ commence .... 

. 20 

23 

43 

,, „ „ end 

. 20 

31 

43 

1st concluding vibrations .... 

. 20 

33 

3 

2nd „ „ .... 

. 20 

35 

43 

3>rd „ „ .... 

. 20 

45 

3 

4th 

. 20 

54 

23 

Duration of preliminary tremors . 


26 

40 


disturbance, about 16 0 


Stra.^i^hurq Rearrds. (Dr. G. Gerlvno n'ith Dr. Ehi.kut's Pendulums.) 


- 

Begin 

Eud 

After Shocks end 


n. M. s. 

II. M. S. 

H. M. S. 

1st Pendulum E. & W. 

19 49 50 

20 46 19 

21 41 .39 

2nd Pendulum N.W. & S.E. 

19 45 25 

20 40 20 

21 .54 0 

3rd Pendulum S.W. & N.E. 

19 45 25 

— 

23 30 0 


On the third pendulum there were three maxima of tremors. 
Duration of preliminary tremors, 38m. 27.s. 


Potsdam, Dr. Eschenhagen. 

From a photographic reproduction of Dr. Eschenhagen’s diagrams the 


following times are obtained : — 

G.M.T. 

H. M. S. 

Commencement of preliminary tremors . . . . 19 50 .10 

Duration of „ „ .... 29 16 

Nicolnieiv , . . . . . , . . . 10 57 0 

holna 19 55 0 
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Earthquake of February 19, 1897. Origin, Japan (81i. 49m. 0&. G.M.T,). 

This earthquake was not recorded at Shide, the clock of the recording 
^ipparatus having stopped. It was recorded at other stations as follows : — 

H. M. s. 

Edinburgh 9 30 0 (maximum) 

Nicolaiew 8 52 0 

Ischia 8 55 30 

Potsdam 9 11 

The following are the times (J.M.T.) at which the shock was noted in 
Japan : — 

Miyaho. — 5h. 49m., strong and sudden, clocks stopped. 

Yamagata. — 5h. 49m. 10s., strong and sudden, clocks stopped. 

Akita. — 5h. 49m. 30s., strong and sudden, clock stopped. 
lahinomaki. — 5h. 49m. 30s., strong and sudden, clock stopped. 
Niigata. — 5h. 46m. 36s., strong, clocks stopped. 

Fukushhna. — 5h. 49m. 48s., strong, clocks stopped. 

UUunomiya. — 5h. 50m. Os., strong, houses shaken. 

Mayihaahi. — 5h. 47m. 56s., strong, clocks stopped. 

Tokio. — 5h. 49m, 37s., strong and slow, clocks stopped. 

Mito. — 5h. 50m., strong and slow, clocks stopped. 

J{ofu. — 5h. 50m., strong and slow, clocks stopped. 

Choshi. — 5h. 51m. 24.s,, strong and long. 

Nagoya. — 5h. 52ni. 36s., strong, clocks stopped. 

Nagano. — 5h. 50m. 5s., weak and slow. 

K^gaya. — 5h. 48m., weak and slow. 

Awomori. — 5h. 50m., weak and sudden, clocks stopped. 

Hakodate. — 5h. 59m. 48s., weak and sudden, stopped. 

Uwajima. — 5h. 52m. 45s., weak and slow. 

Yokosuka. — 5h. 49m. 57s., weak and long. 

Yokohama. — 5h. 5 Ira. 20s., weak, clocks stopped. 

Hamamatsu. — 5h. 7m., weak. 

Ilikone. — 5h. 50m. 27s., weak and long. 

Gifu. — 5h. 57m. 10s., weak. 

Kioto. — 5h. 51m. 4s., weak, with rumbling. 

Fushiki. — 5h. 50m. 45s., slight and slow. 

Nemuro. — 5h. 40m. 45s., slight and long. 

Kushiro. — 6h. 50m., 50s., slight, with rumbling noises. 

The greatest disturbance appears to have taken place at Sendai and 
in N.E. Nippon, from which it is not unlikely that the origin of the 
shock was near to that of June 15, 1896 (see Shock No. 1). This being 
the case, the rate of travel on paths 9,749, 8,760, and 8,241 kms. to Ischia, 
Potsdam, and Nicolaiew would respectively be 24, 9’7, and 45 kms. per 
second ! The first and last of these computations we hope to be in a 
position to correct in some future report. 

Examples of earthquakes which have sensibly shaken the whole of 
North Japan can be found the effects of which do not appear to have 
reached Europe. 
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Earth Movements recorded by a BlJUar Pendulum at the Royal Observatory, 

Edinhuryh. 


No. 

Shide 

No. 

Date 

Time, 

G.M.T. 

Remarks. 




H. M. 


1 

32 

Aug, 25 

4 46 

Slight tilt to North. 

2 


»> » 

6 40 

„ South. 

3 


>> H 

21 10' 

1 

Four slight bends in curve, North and South 

4 


„ 26 

2 10 


alternately. 

5 

35 


11 15 


Gap in curve. No photographic effect pro* 



>» u 

11 50 


ducedfrom llh. 15m. to llh. 30m. ; broadened 
and badly defined line llh. 30m. to llh. 50m. 

6 



18 35 

Tilt to North, 

7 


n >1 

22 ,50^ 

23 20 


Gap very similar to the one at llh. 15m. 

8 


Sept. 20 

1 501 






3 35 


Four bends in curve, South and North alter- 


45 


5 0 


nately. 




6 20, 



9 

47 

„ 21 

17 5 

Trace of diffusion in the curve line. Line 

10 

48 

M 23 

11 571 

12 17 


slightly bent at several points during the 
day. 


Line distinctly diffused for 20 minutes. 

11 

51 

Oct. 6 

20 10 ' 


Rend to North. 




20 30 

Normal direction resumed. 




22 46 

Bend to South. 

12 

57 

Nov. 2 

6 48 

Tilt to North. 

13 

14 

07 

M 4 

M 5 

22 35'! 
10 15 


Line very irregular, sinuous. 

15 


„ 26 

_ 

Several very slight irregularities during the 





day. None well marked. 

16 

70 

Dec. 4 

8 16 

Small tilt to South. 

17 

83 

Feb, 6 

19 33 

Large tilt to North, about 2"’ 5. 



,, ,, 

20 25] 


Line diffused, with well-marked widening to 



n u 

20 40 


South. 

18 


M 7 

5 35 

Large tilt to North. 

19 


,, „ 

13 20 

•» »» », 

20 

87 

10 

8 12 

Strong „ „ 

21 


„ „ 

15 17 

1 „ 

Gap in photographic trace. (At 9h. 30m erap 

22 


„ 19 

9 30') 




>> >» 

9 48 


begins abruptlJ^ At 9h. 48m. line i.s nearly 

i 

1 


10 2 


normal for a few minutes Slight diffusion 
and widening lasts up to lOh. 2m.) 

23 

88 ; 

>* »i 

12 32') 


Gap in photographic line. (At 1 2h.32m. line shows 

1 

1 


12 47 


slight trace of diffusion and widening. 12h. 


i 

5? 

12 52 


47ni. to 12h. 52m. line is nearly normal, when 



M M 

13 17 J 


the gap begins, and ends sharply at 13h. 17m ) 



Mar. 18 

2 54 

Small tilt to North. 
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Uncords received from Professor Kortazzl^ Nloolaiew. The Instrument employed 
jcas von Ilebeur^s Horizontal Pendulum. TimCy G.M. T. 


No. 

Corresponding 
Shide No. 

Date 

Time 

Commence- 

ment 

Maximum 



1896 

H. 

M. 

s. 

H. 

31. 

s. 

1 

1 

June 14 


— 


22 

0 

0 

2 


1 29 

8 

47 

0 


— 


3 

1^ 

\ 

9 

36 

30 


— 


4 

35 

Aug. 26 

11 

22 

0 

11 

37 

0 

6 

36 

» 30 

20 

7 

30 

20 

33 

0 

6 

39 

Sept. 12 

17 

12 

0 

17 

32 

0 

7 

47 

», 21 

16 

52 

0 

16 

59 

0 

8 

48 

„ 23 

11 

52 

0 

11 

57 

0 

9 

49 

» 24 

10 

49 

0 

11 

35 

0 

10 

50 

Oct. 31 

17 

5 

30 

17 

19 

0 

11 

57 

Nov. 2 

3 

51 

0 

3 

59 

0 

12 

67 

„ r, 

9 

39 

30 

9 

5() 

0 



1897 







13 

74 

Jan. 8 

22 

21 

0 

22 

52 

0 

14 

83 

Feb. 6 

19 

57 

0 

20 

16 

0 

15 

85 

19 

*» 

14 

6 

0 

14 

18 

0 







\ ^ 

8 

O' 

IG 

88 

„ 19 

8 

52 

0 


1() 

0 







[l2 

25 

0 

17 

89 

Mar. 1 

14 

32 

0 

1 

48 

0 

18 

93 

„ 15 

1 

18 

31 

0 ; 

19 

22 

0 





Remarks* 

Eod 


)i. 

3r. 

8 . 

Record spoiled. Japan. 

9 

22 

0 

Cyprus. 

Small. Cyprus. 

12 

22 

0 

Max. amp. lOmra Also 
sharp at llh. 29in. 30s. 
Iceland. 

23 

7 

0 

Al.so sharp at 20h 17m. 
Os. and 21 h. 7in. Os. 
Japan. 

18 

12 

0 

Max. 15mm. 

17 

32 

0 

Max. 35mm. Eaith- 
quake in Tiflis 

13 52 

0 

Sharp at llh. 57m 30 >j. 

12 

10 

0 

Max. 7 '5 mm. Sliarp at 
llh. 6m. Os. 

19 

0 

0 

Max. 52mm. Shaip at 
17h. 10m. Os. Djaikcnt 
and Przewalsk. 

4 

12 

0 

Max. 4*5mm. 

11 

22 

0 

Max. 18mm. Sharp at 
9h. 44m. 30s. and 9h. 
52m. Os. 

24 

38 

0 

Max. 8mm. Sharp .at 
22h. 48m. Os. 

21 

22 

0 

Max. 30mm Sharp at 
20h. 2m. Os. 

15 

22 

0 

Max. lOmm. Sharp at 
14h. 16m. Os. 

15 

2 

0 

Separated maxima. 

15 

13 

0 

Max. 4rara. 

20 

12 

0 

Max 19nim. Sharp at 
19h. 9m. Os. and 19h. 
17m. Os. ! 
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Hecordt reccircd from Dr, Qhdio GraVhrvits, Director D, Osserratorw Geodinamico 
dl Caiaviiocioldf Ischia. 

The movements were recorded on smoked paper by means of two horizontal 
pendulums. 



to 










•5 r 



Time, G.M.T. 





No. 

Date 







Remarks. 








§*J3 

u(n 

O 

Q 


Commonce- 

ment 

Maximum 

End 





1896 

H. M. s. 

H. M 

s 

ir. 

M. 

s. 


1 

1 

June 14 

22 40 60 

r23 33 
\23 36 

461 

i9J- 

0 

30 

0 

Large. 

2 

~ 

M 15 

17 38 47 

. — 


— 



3 

— 

>> »> 

11 23 33 

— 



— 



4 

8 

„ 29 

8 48 20 

rs 56 
t 8 69 

^1. 
26 / 

9 

17 

0 

Moderate. 

6 

36 

Aug. 26 

11 30 54 

fll 39 

1 11 41 

OJ 

12 

0 

0 

Iceland. Large. 

6 


1* it 

22 55 30 


— 


„ Moderate. 

7 

36 

„ 30 

20 20 30 

/21 7 
\21 13 

01 

0/ 

22 

22 

0 


8 

— 

Sept. 6 

12 2 43 





Iceland. 

9 


„ 11 

20 30 35 









10 

— 

M 17 

2 63 40 







Calabria. 

11 

47 

n 21 

16 63 58 

16 59 

0 

17 

20 

0 

Weak. 

12 

48 

„ 23 

11 52 8 

ril 59 
\12 4 

0) 

oj 

12 

43 

0 


13 

— 

n 24 

10 46 33 

— 






14 

49 1 
or 1 

60 j 

>» 

11 64 0 

12 7 

30 

Uncertain 

r Instrument disturbed by 
1 strong wind. 

15 

— 

Oct. 29 

23 56 36 







16 

56 

„ 31 

17 8 6 

ri7 31 
\ 17 34 

"V 

0/ 

18 

32 

0 

Moderate. 

17 

67 i 

Nov. 6 

9 54 17 

no 2 

\10 3 

o\ 

OJ 

10 38 

0 

»> 

18 

— 

9 

22 32 8 










1897 








19 

— 

Jan. 10 

9 8 0 

— 

O'l 

OJ 




Gulf of Persia. 

20 

83 

Feb. 6 

19 55 0 

r 20 28 

\ 20 35 

21 

0 

0 

Moderate. 

21 

— 

» 11 

11 63 0 





Calabria. 

22 

— 

„ 19 1 

8 55 30 

9 45 

0 

10 

20 

0 

Moderate. 

23 

88 

„ »| 

12 16 0 

13 18 

0 

14 

30 

0 



Eleven records refer to the same disturbances noted at Shide. 



ON SEISMOLOGICAL INVESTIGATION. 


171 


The following observations have been received from Professor Dr. 
Eschenhagen, Konigliches Meteorologisch-Magnetisches Observatorium, 
Potsdam : — 


liecords of MagnetograpltK. 



Conespond- 




No. 

injr Shide 

Date 

Time, G.M.T. 

I’emaiks. 


No. 






1896 

11. M. S 


1 

35 

Aug. 26 

11 29 15 

Strong on all three iiiagnetographs at 





llh. 34m. 45s. 

2 

— 

„ 27 

11 2 57 

Weak, but strong at llh. 7m. 45s. 

3 

36 

„ 31 


Earthquake, but instrument was also 





artificially disturbed. 

4 

— 

Sent. 5 

12 11 45 

From Iceland. 

6 

39 

„ 12 


Earthquake, but instrument was also 





artificially disturbed. 

6 

tl 

» 14 

— 

M 

7 

47 

„ 21 

17 6 27 

Weak. Strong at Im. 42s. later. Ends 





at 17h. 17m. 45s. 

8 

48 

„ 23 

12 3 ir> 

Weak for 4m. Also at 12h. Sm. 57s. to 





12h. I3m 278. 

9 

56 

Oct. 31 

17 21 6 

Shock, but chief shock at 17h. 27m. 



1897 



10 

83 

Feb. 6 

20 31 57 

Duration, 4m. Lloyd’s balance. 

11 

88? 

„ 19 

9 41 33 


— 1 


_ 

9 43 59 

»» 

— 

— 

— 

9 48 33 



Obsormtions with a Conical Fendulum carrying a small Mirror on a (Hass Boom 
20 cm. in lengthy and held horizontally by a Quartz Fibi’e. Feriod, about 15s. 
The apparatus is similar to that used for several years in Japan.^ 


No. 

Corresponding 
Shide No. 

Date 


Approx i 
G. 

mateTime, 

M.T. 

Remarks. 


1 

1897 


H. 

M. 

' ■ 1 

s. ' 


1 


Jan, 


11 

7 

52 1 

Duration, 2h. 

2 

— ! 


10 1 

9 

6 

39 1 

„ Ih. 

3 

i 

1 ,, 

12 

9 

6 

31 

„ Ih. 

4 

78 I 


16 

10 

36 

29 


5 

— 


19 

14 

37 

37 


6 

83 

Feb. 

6 

20 

5 

8 

„ 2h. 

7 

84 


7 

12 

5 

11 


8 

85 


12 

16 

5 

23 

„ Ih. 

9 

— 


14 

3 

35 

25 


10 

- 


15 

10 

5 

25 

„ Ih. 

11 

- 


19 

9 

14 

31 

„ 21). 

12 

SS 

— 


12 

5 

31 

„ 2li. 

13 

— 


20 

15 

50 

36 


14 

— 

,, 

23 

23 

35 

50 


15 

— 

IMar. 

2 

9 

6 

10 

, „ 2h. 

16 


If 

4 

12 

4 

38 

» Ih. 

17 



6 

19 

5 

10 

1 


The lists, it will be observed, are only comparable from January, 1897, 
after which there are two magnetograph disturbances, corresponding to 
two movements of the horizontal pendulum. The comparison between 
these shows considerable differences in time, and indicates the necessity 

* See lleport of British Association, 1892. 
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of obtaining records from similar instruments, each recording on a surface 
moving with sufficient rapidity to give an open time scale. It is satis- 
factory to note that twelve of the disturbances were common to North 
Germany and the Isle of Wight. 

The following are more exact determinations of the commencement 
of disturbances, determined from photograms : — 

H. M. s. G.M.T. 


No. 4 (Shide 78), Jan. 16 . 

„ G ( „ 83), Feb. 6 . 

„ n „ 19 . 

„ 12 ( „ 88), ,. 19 . 


10 2 6 
19 60 30 
9 4 1 
12 20 9 


ObserratioJis at Rocca di Rapa. Dr. A. Cancani. (These observations reached 
Shide too late to be used in computations of velocity, &c.) 


No. 

Shide 

No. 

Date 

Commence- 

ment 

Mdiximum 

Remarks 



1896 

H. M. S. 


H. M. S. 


1 

1 

June 14 

22 66 0 


23 23 15 

Period 18 seconds. 

2 

8 

29 

8 48 27 


8 52 30 

Also at 8h. 59m. 

3 

:i5 

Aug. 26 

11 26 40 


11 35 0 

End at llh. 46m. 

4 

36 

„ 30 

20 21 0 


21 3 0 

End at 22h. 16m. ; the long 







waves commenced at 20h. 
41m. 

5 

— 

Sept. 5 

12 6 0 


12 15 0 


6 

— 

„ 11 

20 38 20 


20 56 0 

End about 22h. 

7 

47 

M 21 

17 0 0 
(about) 


— 

Duration 37m. 

8 

4<S j 

„ 28 

11 65 0 


12 3 0 

End about 12h. 20m. 

9 

66 ' 

Oct. 31 

17 0 0 


17 31 0 

End about 18h. 

10 

67 ' 

Nov. 5 

9 69 0 


10 1 30 

Duration Ih. 

11 

83 1 

Feb. 6 

20 24 0 


20 27 19 



1 

1 

1 



1 

/ 9 37 20 

9 39 30 


12 

1 

j 

1 

” 1^’ 

8 29 0 

1 

9 41 20 

9 45 10 

1 9 47 0 
13 8 0 


13 

88 

i 

11 55 0 j 

1 

13 14 0 
13 19 0 
^13 26 0 



VI. The Hujheat A})pa7'cnl Velocities at which Earth-waves are Rropagated. 

Ihj John Milne, F.R.S., F.G,S. 

The following table of the highest apparent velocities with which 
earthquake motion is propagated over paths of varying length has been 
drawn up for the purpose of indicating the general character of the 
information we at present possess bearing upon this subject. 

The sources from which information has been derived are various, the 
more important being as follows : — 

‘ IIorizontalpcndel-Beobachtungen,* by Dr. E. von Rebcur-Paschwitz 
(‘Beitrage zur Geophysik,’ Band II.). These include observations made at 
Strassburg, Potsdam, Wilhelmshaven, Nicolaiew, Charkof, by the present 
writer in Japan, by observers in Italy and other places. ‘ Bollettino 
della Societa Sismologica Italiana,’ vols. i. and ii. The catalogues, edited 
by Professor P. Tacchini, contained in the volumes give prominence to the 
observations made at Italian stations, whilst observations made in Europe 
and J apan have not been neglected. ‘ Transactions of the Seismological 
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Society,’ vols. i.-xx. Seventeen Reports on Seismic Phenomena drawn up 
by the writer for the British Association, 1881-1896. 

With the exception of groups of observations made within a few 
hundreds of kilometres of an epifocal area, all records which refer to 
maxima phases of motion, as, for example, those which apparently disturb 
magnetographs, have been neglected, and therefore, taken as a whole, the 
velocities given in the following list are based upon the times at which 
preliminary tremors have commenced to show themselves at various 
stations. 


Apjjarcnt Velocity of Earthquake Motion along Ihifks of Varying Length. 







Dis- 

Veloeitv 


Epicentic 


Date 

Plaee of 
Observation 

tanoem 

Degrees 

tanceon 
Are m 
Km-.. 

in kms, 
per See 
on Arc 


1. S. A., Santiago . 

. 

0«‘t 27,1891 

Tokio 

1.56 

17,400 

170 

Moan of ob- 








sei\ .atioiis 
at thiee 
stat ous 1 11 
Tokio. i 

2. 


„ 

Charkof 

1!9 

13,2.30 

12 1 ; 

' 

3. Mexico 


Nov. 2, 1894 

iNieol.iiew 

102 

11.300 

10 0 

i 

4 S. A., Suntiago . 


Oet. 27, 1891 

llotne 

100 

11,200 

10 85 

1 

5. Merida Vonezuola 


Apr. 28, 1894 

Charkof 

94 8 

10,550 

9-1 

Moan of ob- I 








seivatioiis. I 
at Cliai kot 1 
anil Nico- i 
lau'M. j 

(5. Japan, Sakata . 


Oet, 31, 1896 

r.at.i n I. a 

88 1.5 

9.796 

11 1 


7. „ N E. Coast 


June 15,1896 

Dehia 

8 7 '8 

9,719 

87 


8. „ Sakata . 


Oet. 31, 1890 

Rome 

86 10 

9.561 

11 2 

i 

9. „ Tokio 


Oet. 18, 1892 

Strassburg 

86 6 

9.520 

5 87 


It). „ „ 


Nov 4, 1892 



8 1 


11. „ Nemnro . 


Afar. 22, 1893 

Rome 

86-0 

9.500 

9 9 


1 li. „ Sakata 


Oct. 31, 1890 

Tseliia 

8.5M 

9.169 

11 8 


1.5. „ Nemuro . 


Mar. 22, 1894 

S Riis.'i.i 

8,5 3 

9.477 

8 7 

1 

11. „ N.E ('oast 


June 16, 1895 

Padua 

81-4 

9.320 

9 7 


1 5. „ Sakata 


Oet. 31, 1896 

Isle ot Wight 

8.3-7 

9,290 

9 7 

; 

It). California . 


Apr. 19, 1892 

.Strassburg 

82 7 

9,180 

.19.1 

j 

] 7, Japan, Sakata . 


Oct. 31, 1896 

82 5 

9.157 

112 


1 H „ Tokio 


Apr. 17, 1889 

Willielmdia\cu 

81-7 

9,070 

6 8 

! 

19. „ „ 


„ 

PotMlam 

80 6 

8.950 

11 3 

j 

1 2t). riiihppines 


^far. 16, 1892 

N icoluiew 

78 9 

8,758 

6 It, 8 


i 21 „ r.iizon 

1 22. Japan, Tokio 




„ 

„ 1 

5-41 

1 


iMay fl, 1892 

„ 

1 <12 

7,910 

i 9 55 

1 

1 -M. „ 


Oet. 18, 1892 

,, 1 

— i 

— 

! 2.1 

J 

21. „ 


Nov. 4, 1892 


— 

— 

6 28 


25. „ 


Mar. 2.1, 1893 


— 

— 

3 72 


2d „ 


Jan 18, 1895 ' 


— 

— 

1 6 3 


27. „ Neinuio . 


Mar. 21,1891 1 

Miditalv ' 

70 7 

7.857 

! 8 2 


28. „ Tokio 


Oet. 7, 1894 

I'haikof 

7t) 1 ' 

I 7,814 

1.5 0 


29 Quetta 


Vvc. 20, 1892 

Stnis'.burg 

45 7 

1 5,290 

5 65 


20. „ . . . 


Fet). 13, 1893 

,, 

,, 

„ 

3 08 


.“>1 ('eiitral Asia, \\ jc'iiioje 

July 11, 1889 

M illidnishaven. 

43 1 

4.806 

5 00 





PotMlaia 




1 

32. Quetta 


Dec. 20, 1892 

— 

34 6 

3.810 

.! 86 ! 


.13. Asi.a Minot, Anml 


Apr 16, ISMG 

Str.issbnrg 

18 51 

1,9'»0 

.5 )l» 


34. Patras . 


Aug. 25, 1889 

Potsdam 

15 t 

1,732 

2 59 


35. Cliarlesston . 


Aug. 31, 1886 

— 

1.5 0 

1,678 

5 IS 


‘!G Thebes . , 


Ma> 2$, 189.5 

Sti.asdmig 

11 8 

1,650 

12 1 


37. Afiia Minor, Ained 


Apr. 16, 1896 

Padua 

14-0 

1,580 

9 1 


38, Bucliarest . 


Oet 14, 1892 

Stia.sbburg 

i.;o 

1,4.50 

2 35 

j 

30. Valoiia, Epiius . 


June 13,1893 


12 1 

1,750 

3 0 


to. 

41. Thebes 



Niool.xiew 

11 1 

1,270 

3-1 



May 2.1 189.3 


10-3 

1,150 

2 0 


12 Naples. 


.Jiiii. 2.5, 1S9.5 

btr.tssburg 

9 0 

1 1,000 

3 6 2 


43. Mount Cargann, lt<il\ 

Ang 10,1893 


„ 

1 

3 l!2 


44. Japan, Neiuiuo . 


.Mai. 22, 1893 

Tokio 

87 

1 965 

2 6 

Aver a g e 






i 


max. lor 
group ol 








4 shocks 

4.5. „ Noto 


Doe. 9, 1891 

„ 

2-1 

i “ 

2 3 

Average for 








a group. 

46. „ Gifu . 


Oct. 28, 1891 

„ 

2’2 

1 241 

1 2-4 

Max. for a 








group of IS 
shocks. 
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A glance at the above table, or the diagrammatic representation of the 
s<ame (lig. 15), shows that either there have been great differences in the 
velocities with which movements have been propagated to points equally 
distant from given origins, which is unlikely, or that there have been 
larger errors in the determination of the time at which motion commenced 
at different st/itions. 

Possible causes for these errors arc easily found. 

Fk;. 15.— Velocities of Earth- waves round or thronj^h the Earth. 



jw /io ^ 130 no )w wo *9^ ^ W 6^ w ^ ^ 7o 


I " = 111 Km 

1. Different instruments; some being horizontal pendulums recording 
photographically, others being pendulums varying in length and in the 
frictional resistance of pointers recording on smoked surfaces, may have 
uneijual degrees of sensibility. 

2. Similar instruments may be differently adjusted. 

3. When a record is received on a surface moving at a rate of about 
20mm. per hour, the error in determining the time at which a disturbance 
commenced may be 1 minute. 

4. A local shock may be mistaken for one arriving from a distance. 


Velocity in Km 
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Examination of Gases where the Velocity has been Abnormally High. 

Shock No. 1. — This was recorded at three stations in Japan })y hori- 
zontal pendulums recording on photographic surfaces. From the fact that 
ordinary seismographs did not record an earthcjuake on that day, and 
because each photogram began with gentle tremors, it is safe to assume 
that they represented an earthquake originating at a great distance. 
Unfortunately, the note-books containing the clock corrections were burned, 
but taking the time determinations direct from the photograms, they lead 
to the conclusion that motion was propagated to Japan from a place 
almost at its antipodes at a rate varying between 16 and 19 kms. per 
second. 

The greatest merit in this record is that it falls in line with what we 
should expect from records taken over shorter ranges. 

Shock 17.-- Like other Strassburg records, this was obtained on paper 
moving at a rate of about 1 mm. in three minutes. Independently of this, 
however, we see that for the same shock at four other observatories 
velocities of 9*7, 11*1, 11*2, and 11*8 kms. per second have been calculated 
(Nos. 15, 6, 8, and 12), and it is therefore highly probable that the 
determination ior Strassburg of 14*2 kms. is too high. 

Shock 28. — -We have here another case of a record from a surface 
moving at a rate of 1 mm. in about three minutes, whilst the epicentre 
may have been distant from Tokio. 

Shock 37. -Because a delicate seismograpli at Catania was disturbed 
2 minutes 40 seconds before the one at Padua suggests the idea that 
these Italian records possibly refer to a local disturbance, and not to the 
one in Asia Minor. Tliis point has been discussed by Professor M. G. 
Agamennone (see ‘ Bollet. A. Soc. Sis. Italiana,’ vol. ii.. No. 8). 

SJioeh 35. —This estimate is based upon a most careful and elaborate- 
analysis of records, none of which, however, were obtained from the 
automatic indications of seismographs. 

Abnormally Lotv Velocities. 

Shocks 9 and 23. — We have here two observations for the same shock, 
and we find that the photograms obtained at strassburg and Nicolaiew 
were ‘ schwach und wenig scharf,^ and for the former there was an 
‘ unbestimmter anfang,’ from which it may be concluded that the com- 
mencement of movement at these places was not determined. 

Shock 21.- -From the Nicolaiew record it appears that the commence- 
ment of this disturbance is thus noted : ‘ 5*02 h. (^) Anfang dor Storung.’ 
The uncertainty here expressed possibly explains the low velocity 
recorded. 

Shock 16.— Here again there appears to have been difficulty in 
determining the commencement of movement, owing to the undefined 
character of the photogram. 

Shock 25. — This was observed not only at Nicolaiew', but also at 
Strassburg, the velocities being 3*7 2 and 4*2 kms. per second respectively. 
Although von Eebeur in his ‘ Horizontalpendel-Beobachtungen,’ p. 492, 
tells us that these velocities are based upon the observation of the time at 
which the first weak movement is visible, from a table on p. 443 they 
appear to have been determined from the observation of the instant at 
which there was a sudden increase in motion, and are used with other 
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ol)servations to determine the mean velocity of propagation, which is that 
of the greatest movements. 

Shock 3. — Movement in Europe was extremely small, and no record 
was obtained at Nicolaiew. Possibly the smallness of the diagram, which 
began ‘ little by little,’ may have rendered it difficult to make accurate 
measurements on the time scale. 

The general result of the examination of data which have led to the 
determination of velocities which appear to be either too high or too 
low, is to find that such data are either imperfect or capable of another 
interpretation. 

The doubtful cases are placed in circles, and to these, based upon a 
long experience in observing earthquake velocities over ranges up to about 
1,000 kms., I should be inclined to add Nos. 33, 39, 40, 43, and 42. 

If, therefore, we exclude the computations the accuracy of which is doubt- 
ful, the general results towards which the continuation of the observations on 
the propagation of earth-waves over ranges of varying length point is 
approximately indicated in the following table : — 


Dibtance ftoin Origin ! Apparent Vel'>city in Km?, per Sec. 


Jn Dcgree.s 

In Kma. 

i On Arc 

1 

On Chord 

10 

2,200 

' 2 to 3 

2 to 3 

50 

5,500 

5 

5 

80 1 

8,800 

8 

7*5 

100 i 

11,100 

; 10 

8*8 

120 ‘ 

18,200 

' 12 ? 

10 ? 

KiO 

17,700 i 

, 10 ? 

10 5 / 


VII. Diuimal Waves. By John Milne, F.E.S., F.O.S. 

Obser cations made on the 2'ennis Ground at Shide Hill House. Installation V. 

On September 5, 1896, the horizontal pendulum which had been in 
use at Carisbrooke Castle was brought to Shide, where it was installed on 
a slate slab resting on an upended earthenware drain-pipe, sunk some 
inches in the ground, covered by a jointer’s tent standing in the middle of a 
tennis ground. The chief object of this installation was to study the diurnal 
wave, as shown by the movements of a pendulum so placed that for ten or 
twenty yards, at least, on all sides of it the surface conditions were fairly 
similar. The tennis ground is in the middle of a small paddock which 
slopes towards the west. On the eastern side, at a distance of forty 
yards, is the building in which instrument T was installerl, beyond which 
the ground quickly rises to Pan Down. The sun, rising on this side, reache<l 
the tent over the top of some high trees at about 9 A.M., throwing the 
shadow of the tent towards the N.W. At about 4 p.m. this shadow, after 
travelling through N. to the N.E. was lost, as the sun sank behind Mount 
J oy on the west. 

The bromide film was run at a rate of about 3^ inches in twenty-four 
hours, which was sufficiently rapid to give an easily measurable diagram of 
the daily movement of the pendulum, the boom of which pointed from its 
pedestal towards the south. 

On September 13 a heavy tarpaulin (30x30 ft.) was spread over the 
grass, immediately up to the tent on its west side. On October 13 this 
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was moved to the east side, the object being to see whether such a cover- 
ing had any ciFect on the character of the diurnal wave. 

The Ohservatioiis (1800). 

\st iceek (S^pt. 8-14). — From the 8th to the 14th daily waves ^\ore 
marked, hut there was such a marked steady displacement towards the 
valley on the west that adjustments were re(|uircd almost daily. 

On the 8th and 1 1th it was fairly fine, hut on all the other days there 
was much rain and the weather was dull. The westc^rly motion, or down- 
ward tilting towards the saturated valley, was also marked in the records 
of T. 

'2nd week (Sept. 14-21). — Because the westerly motion liad been so 
great the sensibility of the instrument was reduced, with the result that 
the daily wave was hardly visible. There was still, however, a westerly 
tendency. The weather was dull or fine, but there was no heavy rain. 

3rd week (Sept. 21-27) : — - 

Sept, 21. 15-24 hours slight tremors. Fine S wind. 

„ 22 1 M-20 hours slight tremors Fine. Strong 8. W, uind. 

,, 2.3 Steady. Fine. Strong S.W. wind. 

„ 21 12-19 liours slight tremors. Fine. W. wind. Ham at niL,dit. 

,, 25. Steady. Strong wind, rain. 

,, 20. Steady. Kain, but calm. 

,, 27. Steady. Stormy. S W. wind. 

On the 21st, 22iid, 23rd, and 21th there were slight daily waves, but 
after adjustment on the 25th the movement was barely visible. 

It may be inferred that with cloudy weather the daily wa\e has been 
small. The shock shown by T on the 2lst is not shown. 
ith iveek (Sejd. 2S-0('t. 2) ; - 

Sept. 2S East motion oomi>let(Hl 4 PM. Fine. W. wind. 

,, 29. Ea.st motion completed 4.4.5 P.M llain.* S wind. 

,, 30. East motion cornfdctcd 2*30 to 3 30 P M. Fmc. X. wind. 

Oct. 1. East motion completed 3 30 P M. Fine. VV. wind. 

For six hours before the above times the motion was easteily, and for 
six hours after it was westerly. In no instance were the waves large. 

Two slight disturbances were noted, but these do not agree in time 
with displacements observed on T. 

5th week (Oct. 2-9) : - 

Oct. 2 East motion completed .5 p m. West motion completed at 10.50 P.M. 

On all other days no movement. This was discovered as being due to 
a s])ider, which was caught on Oct. 10. 

(jth 7veek (Oct. 9-15) : — 

Oct. 9. East motion completed 3.15 p.m , and we.st at 9 p.m. Amp .iiniin. 
Fine. W. wind. 

,, 10. East motion completed 4 P.M. Amp. 3mm. Fine. S. breeze. 

„ 11. No record. Dull. N. wind. 

,, 12. Ea.st motion completed 0 pm, and west at IShrs. Amp. 3iiim. 

N. breeze. Dull 

„ 13. Record bad. A large tarpaulin placed on ground on west side of 

tent. Fine. N. wind. 

„ 14. East motion completed about noon. Wave small. Fine. N.E. 

wind. 

„ 15. Mast motion completed 3 p.m , and w’est at 6 50 p.m. Amp. 6mm. 

Little rain. Dull. S wind. 


1897. 
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We have here a case (on Oct. 15), wJiere there has been a fairly large 
wave on a dull day, and a small one (Oct. 10) on a fine day. 

Very small tremors were seen on the following days ; — 

Oct. 9, 5 to 9 hours. 

„ U. 7 to 14 „ 

„ 15. 4 to 7 „ and again 11 to 22 hours. 

Three displacements were recorded which do not agree in time to 
those noted by T. 

1th week {Oct. 16-22) : — 

Oct. 16. Very slight wave. Dull. Strong N. wind. 

„ 17. East motion completed 2ii , and west at 6 p.m. Amp. 6mm. 

Fine. N. wind. 

,, 18. East motion completed 3h., and west at 10 P.M. Amp. 14mm. 

Fine. N.W. wind. 

,, 10 to 20. rractically straight; possibly held fast. 

The diurnal waves were marked on fine days. 

Slight tremors were only observed on the 16th, 0 to 14 hours. There 
was one strong deflection on the 16th, which is not shown on T. 

8/A week {Oct, 23-30) : — 

Oct 2.1. East motion completed 2h. 30m , and west about 8 p M, Amp. 
Ihnm. Fine. N. wind. 

,, 21. Fa^t motion completed Ih., and west about 12 p.m. Flat. Rain, 

S.W wind. 

,, 25, East motion completed 3h. 30m. Fine. N. wind. 

,, 20. No record. 

„ 27. East motion completed 2h. 30m., and west about 8 p.m. Amp. 

14mm. Fine. W. wind. 

,, 28. East motion completed 4h., and west about 9 P.M. Amp. 10mm. 

Fine. W. wind. 

,, 29. East motion completed 3h., and west about 7 P.M. Amp 10mm. 

Fog. Calm. 

It is difficult to say when the west motion is completed. The sharp 
motion eastwards is from about 8 a.m. to 3 p.m., and westwards 3 p.m. to 
8 P.M. Decided waves have been with line weather, when cloudy and 
wet, waves have been absent. 

Slight tremors were observed as follows : — 

Ocl 23. 3 to 7 hours and 18 to 21 houis. 

„ 24. 11 to 21 „ 

„ 25. 8 to 15 „ 

„ 27. 3 to 8 „ 

„ 28. 4 to 8 „ 

„ 29. 3 to 8 

Tremors, therefore, occurred at night, and whilst there was a i*apid 
westerly displacement. Moderately marked displacements took place on 
the 23rd to 24th, which are not shown by T. 

^dlJi 'week {Oct. ‘dO-Nov. 6.) : — 


Oct. 30. No record. Moved tarpaidin to the east .side of tent. 

,, 31. East motion 10 A.M. to 2..30 i* M., west motion 2.30 P M. to 6.30 P.M. 
Amp. 8 mm. Fine. N. wind. 

Nov. 1. Ea^^t motion 3 am. to 3 0 p.m., west motion 3 to 8 P.M. Wave 
small. Dull. N.E. wind. 

2 No lecord. 
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Nov. East motion 5 A.M. to 2.30 p.m., west motion 2.30 r.M. to 6 p.m. 

» Amp. 4 mm. Dull. N. wind. 

„ 4. East motion 10 A.M, to 3 p.m., west motion 3 p.m. to 7.30 p.m. 

. Amp. 8 mm. Fine. N. wind. 

„ 5. East motion 8.30 A.M. to 3 p.m., west motion 3 P.M. to midnight. 

Amp. 10 mm. Fine. E. wind. 

The greatest movements have been on the fine day.s. 

Tremors were observed on October 80, 3 to 17 hours, of 2 mm. range, 
and slight tremors on October 31 and November 4. 

Three displacements were noted wliich do not agree with the records 
of T, but the earthquakes Nos. 55 and 59 shown by T were well recorded, 

10 th week {Nov, G-13.) : - 

Nov. 6. East motion from before noon to ‘2.:’>0 p.m., west motion 2.30 to 

5 p.m. Amp. 7 mm. Fine. X. wind. 

,, 7. East motion G.30 A M. to 3.0 p.m , west motion 3 to 0 p.m. Amp. 

1 mra Fof>, frost. 

,, 8. X^o wave, but westerly displacement midnight to 7 A.M. Iiain. 

N. wind. 

., 0. East motion from before noon to pm, west motion 2.15 to 

8 P.M. Amp. 7 mm. Fine N wind 

,, 10. East motion 0 A.M. to 3.30 P M., west motion 3.30 to 7 P M Amp. 

6 mm. Fine Calm. 

,, 11. East motion from before noon to 2 p m., west motion 2 to 6 P M. 

Amp. 1 mm. Dull. W. wind. 

,, 12. East motion 9 A.M. to 3 p.m , west motion 3 to G P M. Amp. 8 mm. 

Dull. S. wind. Afterwards line 

The diurnal wave is evidently pronounced on line days, and small or 
absent when it has been rainy, cloudy, or dull. 

Tremors wei'o noted as follows : — 

Nov. G. 4 to 12 hours. Slight. 

„ 7. 7 to 22 Maxima of 2 ram. at 11) liours. 

„ 9. 4 to 12 „ ., 1 mm. at G hours. 

„ 10. G to 11 „ „ 1 „ 

„ 11. 18 to 20 „ „ 5 „ 

„ 12. 4 to 13 „ „ 1 „ 

Six small displacements were noted, which do not agree with the records 
of T. 

The Diurnal Jf'are. 

Figure 16 shows half-size tracings of daily waves taken from the origi- 
nal photograms. Angular values for these waves may be approximately 
obtained by assuming that 1 mm. defiection corresponds to a change 
in inclination of 0'5 sec. of arc. Should accurate measurements of these 
quaptitie.s be required, they can be obtained from my note-books. 

Days on wliich the diurnal wave was very small have been omitted. 
The curves which are given clearly show that the daily deflection is 
variable in amount ; but whether the ground around the tent was open, or 
covered by a tarpaulin on the west side or on the east side, the times at 
which the pendulum commenced, completed, and ended its sharper 
movements are practically the same. If we commence in the morning, 
the direction of movement of the pendulum from a north-south line, 
or its normal position, was such that it tended to approach a position that 
would place its boom in a line with the sun and the shadow of the tent. 
That is to say, it swung towards the east, but it continued this motion 

N 2 
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' Fig. 16. — Diurnal Waves at Shide, 
189(5. 



until the sun had passed t lie nmridian, 
or until 2 or 3 p.m. Then it returned, 
following the sun until 7 or 9 p.m. 

The text accompanying those dia- 
grams shows that the movements are* 
practically confined to fine days, fron» 
which it may be concluded th/it tlio 
effect is connected with solar radiation. 

In previous reports I have suggested 
that it might be produced by the differ- 
ence in load removed by evaporation on 
two sides of an installation, such loads 
from a surface of grass being represented 
by the removal of 4 or 5 lb. per square 
yard per day. 

The experiment with the tarpaulin- 
cover placed first on one side of the 
tent and then on the other, wlde.li failed 
to pi'oduce any marked effc(;t on the 
character of the diurnal motion, indi- 
cates not only that this is practically* 
uninfluenced by diflerential evaj^ioi'ationj 
effects, but also by the heat received 
by the ground on two sides of an in- 
stallation, these effects being local. 
We theiefore have to look to the in- 
strument, the pier on wliich it .stands, 
or ('xternal effects on a widespread 
area. The fact that the diurnal wave is. 
marked on a brick pier rising from a 
solid foundation in the middle of a 
brick building shaded by trees, ^ and 
also in cellars, in lioth of which places 
the changes in temperature have becui 
small, indicates that the movenumts 
are not to be accounted for by warp- 
ings on the pier or portions of the in- 
strument. 

The fact that strong and steady 
westerly deflections corre.sponding to 
ail increa.se on the slope of the hill oii 
wliicli T and Y stood accompany wet 
weather, and that reverse movement.s 
follow fine weather, indicates that a 
load in the valley apparently causes 
this to sink, whilst during the removal 
of such a load it apparently rises. It 
seems natural to conclude that the 
diurnal waves are movements with a 
similar origin. On hot days the valley 
loses moisture, and therefore it rises. 


’ British Association Bcjfort, 1896, p. 213. 
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and the peiKluliim travels eastwards, whilst at night moisture is accumu- 
lated, and it sinks. ^ 

Vlll. The Perry Tromometer. By John Milne, F.R.S., F.G.S. 

A Perry Tromometer, similar to that described in the Report of this 
Committee for 1896, with photographic recording apparatus, has been 
constructed, and for some days installed at Shide. Its sensitiveness to 
clastic tremors was such that it recorded trains moving at a distance of 
over half a mile, carriages at a distance of a quarter of a mile, and all 
vehicles passing along a road near to the building in which it was placed. 
For these reasons it was dismantled, but it may be again used when a site 
free from the above-mentioned artificial disturbances, to which may be 
added the sound-waves from heavy guns fired at a distance of five or six 
miles, can be found. 

In conclusion to the preceding sections of the Report the fact that the 
records of earthquakes and other movements have been continuous has 
been in consequence of the great interest taken in the observations by my 
assistant, Hhinobu Hirota, who not only understands the working of the 
instruments in all their details, but has from time to time shown con- 
ruderable ingenuity in devising and constructing new pieces of apparatus. 

IX. Suh-oceanir Changes. By John Milne, F.Ii.S.^ F.G.S. 

The object of the following notes, which are an epitome of a paper to 
bo communicated to the Royal Geographical Society of London, is to show 
that Ix'iioatli seas and oceans there are a certain class of geological changes 
in operation which are more frequent, and often more intense, than 
corresponding changes on land. 

JRo sites of th(‘se changes are to be found below low-water mark at 
comparatively shallow depths on submerged plateaus surrounding conti- 
nents and islands, and on the face, and especially near to the base of the 
steeper slopes of continental domes, and around submarine banks at 
depths which may even reach 4,000 fathoms. On the level floor of 
oceans, wliere sediments accumulate with immeasurable slowness, and 
Avhere for years and years ocean cables lie undisturbed, geological changes 
arc, so far as a lifetime is concerned, not recognisable. 

The submarine operations to which it is particularly desired to draw 
attention are those which are seismic and volcanic, the former at least 
often being accompanied by the displacement as a landslide of such 
enormous \olumes of material that the whole surface of an ocean may be 
auitatod. Evidences that such displacements have had a reality is to be 
found in the conditions under which cables have been buried, and in the 
markt'd clmnge in soundings near to spots where seismic efforts have been 
exerted. 

Other causes leading to displacement of materials on the face and 
near to the base of submei’ged slopes are overloading by sedimentation, 
erosion, the ('scape of water from submarine springs, and the efiects of 
currents. 

Th(' various sub-oceanic phenomena to which it is particularly desired 
to call attention will be treated in the following order : — 

1. Brady seismic action .- — Because earthquakes originating beneath 
‘ British Associatioti Jieport, 1895, pp. 183-139. 
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the sea are more numerous and more intense than those originating on 
land, the inference is that brady seismic activity and phenomena which 
accompany earthquakes, like landslides, are also more pronounced beneath 
the sea than they are on land. 

Bradyseismical movements include movements of upheaval or depres- 
sion, by which rocks arc bent, folded, faulted, or displaced, by thrust, together 
with those which are the result of overloading, and may be exhibited as basal 
crush. One set of movements involve the idea of elastic and seismic 
strain, whilst the others a gravitational effect. 

2. Sedimentation and erosion, — Submarine landslides which in part 
are due to earthquakes. 

The effects of overloading, submarine springs and currents. 

3. Changes evidenced by cable intei'vuptions and sowidinys. 

4. Conclusions, 


1. Brady seismic Action. 

Earthquakes the Origin of u'hich arc Submarine. — The earthquakes 
which have a submarine origin may be divided into three groups 

1. Those which have been felt and recorded on land, and which, 
therefore, may be assumed, in the generality of cases, to have originated 
on a coast-line or within a few hundred miles off in the ocean. 

2. Those which have been recorded on shipboard out at sea, either as 
tremors or as severe movements. Many of these disturbances are 
probably volcanic. 

3. Those which have not been felt on land, but have been distinctly 
recorded there. In this group we find many of the earthquakes which 
shake the world. 

As illustrative of the frequency of the first group, T will quote from 
observations made in Japan. ‘ Between 1881 and 1883 in North Japan 
the writer found that, out of 419 shocks, no less than 218 of them had 
originated beneath the ocean. There had been 137 which had originated 
on or near the seaboard, and therefore some of these had been of sub- 
oceanic origin, whilst only 64 had originated inland. A large number of 
these earthquakes came from the deep water off the mouth of the Tonegav a, 
the largest river in J apan, which, as it approaches the sea, crosses the 
alluvial plain of Musashi. 

Between 1885 and 1892 no less than 8,331 earthquakes were recorded 
in Japan — that is, on the average during this period of eight years there 
were about one thousand shocks per yeiir.^ A glance at the map showing 
the distribution of origins of these disturbances shows that nearly all of 
them have originated along the eastern seaboard, and have been frequent 
near the alluvial plains. Between January 1885 and December 1888, 
when seismic activity was in a normal state — that is to say, when there 
were no long series of after-shocks — 2,018 earthquakes were recorded, of 
which at least 1,034, or 50 per cent., originated beneath the sea. In 
Japan, therefore, along a coast-line of 1,140 miles, there has recently 
been at least about 250 submarine shocks per year. In some years there 
have been 500. 

From a seismic map of the world, I should estimate that round the 

* ‘ On 387 Earthquakes observed during Two Years in North Japan,’ by John 
Milne, Trans. iSeis. Soc., vol. vii. pt, ii. 

* Tram. Seis. Soc., vol. xx. 



ON SEISMOLOGICAL INVESTIGATION. 


183 


Pacific there are at least ten sub-littoral districts where earthquake 
frequency may be about half that of Japan. If this is accepted as 
probable, the sub-littoral seismic activity of the Pacific is represented 
by 2,500 shocks per year, some of M^hich have been accompanied by 
submarine landslips and consequent changes in the configuration of the 
ocean bed. When these latter are great, it is assumed that ocean- waves 
are created. If we consider the seismic activity round the coasts of the 
other oceans and seas which cover our globe as being, when taken 
together, equal to that of the Pacific, then for the world, out of a possible 

10.000 shocks per year, 5,000 of them have their origin on the sub-oceanic 
continental slopes. 

To get information about the second group, or earthquakes which 
have originated far from land, we have to turn to the voluminous 
catalogues of Perrey, Mallet, Kluge, di Ballore, Fuchs, and other statis- 
ticians. Such extracts have been made by Dr. Emil Rudolph in his 
papers, ‘ Ueber Submarine Erdbeben und Eruptionen,' ^ who gives us an 
account of 333 sub-oceanic earthquakes and eruptions. Because the 
greater number of these shocks are of volcanic origin, they will be more 
specifically referred to in the next section. The distribution of these is 
various, but here and there they herd together, indicating localities where 
changes are comparatively rapid. One favourite locality for submarine 
disturbances is in the Equatorial Atlantic, about 20^^ W. long., and again 
at 30° W. long., near to St. PauFs. For each of these regions Dr. 
Rudolph gives about thirty-seven shocks, in depths of water exceeding 

1.000 and 2,000 fathoms. 

The chief source of information for our last group is, however, derived 
from the records of horizontal pendulums. Taking a list of them published 
in the ‘Transactions of the Seismological Society,’ vol. xx., by the late 
Dr. E. von Rebeur-Paschwitz, out of 301 records obtained in twenty- 
seven months, there are only 25 whicli can with certainty be traced to 
their origin. Out of the 170 which remain, 105 were almost simul- 
taneously recorded at places so widely separated as Potsdam, Wilhelnis- 
haven, Strassburg, Nicolaiew, and Tokio, and therefore cannot be disposed 
of as being due to some accidental disturbance of an instrument or to 
small shocks of local origin. Each of them was a disturbance affecting a 
very largo area, and indicates an initial impulse of great magnitude. 
What is true for the observations in Europe has also been true for my 
own observations in Japan, and also in the Isle of Wight, the only 
difference being that in Europe the stations were from 300 to 600 miles 
apart, whilst in Japan and the Isle of Wight the stations were usually 
near to each other, and never more than 30 miles apart. In some 
instances, Iniwever, earthquakes of unknown origins were recorded in 
Japan and Europe, and it is fair to assume that in these instances the 
whole world had been shaken. 

One disturbance noted by the author in Japan on June 3, 1893, had a 
duration of five and a half hours. It was also recorded in Birmingham, 
Strassburg, and Nicolaiew, at which latter place the duration of motion 
extended over eleven hours. Amongst unfelt earthquakes, both for magni- 
tude and duration, it exceeded all that have yet been recorded. 

Because the character of the unfelt movements, the origin of which 
cannot be traced, is identical with the character of those which have been 


lieAtrage zur Q€oj>lnjsili^ Band I. and II. 
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traced to earthquakes originating at great distances, it is, for the present 
at least, assumed that the cause of the former is similar to the cause of 
the latter. If this is the case, the only place towards which we can turn 
to find the origin of the former appears to be beneath our oceans, and 
when they are of a magnitude approaching that of J une 3 their origins 
must have been very far from land, otherwise a sensible shaking would 
have been observed upon the nearest shores. 

If we take the three classes of records to which we have referred in 
conjunction, the conclusion to which they point is not simply that the 
submarine evidences of seismicity are more numerous than those on land, 
but also that they arc A^ery much more intense. 

The Character of Submarine Seismic Districts. — If we compare 
together the characters of the districts where earthquakes of submarine 
origin are frequent with those where they are practically unknown, the 
differences are striking. In the former the land, as shown on the seaboard, 
usually consists of strata which are geologically new ; it exhibits evidences 
of recent elevation, some of which can be traced to historical times, whilst 
its average slope from the mountains in the interior down beneath the 
ocean is, over a considerable distance, relatively very steepd The unit of 
distance over which such slopes have been measured is taken at 2°, or 
1 20 geographical miles. The following are a few examples of such slopes : — • 


West Coast, South America, near Aconcagua 

. 1 

in 

20>2 


The Kurils from Frap .... 

. 1 

in 

22-1 

Seismic 

Japan, west coast of Nippon 

. 1 

in 

;io-4 

' distiicts. 

Sandwich Islands northwards 

. 1 

in 

23 5 


Australia generally 

. 1 

in 

91 1 


iScotlaud from Ben Nevis .... 

. 1 

in 

168 1 

I Non-sei.smic 

South Norway ...... 

. 1 

in 

73 1 

[ districts. 

South America, eastwards .... 

. 1 

in 

943 J 



The conclusion derived from this is, that if we find slopes of con- 
siderable length extending downwards beneath the ocean stee})cr than 1 in 
be"), at such places submarine earthquakes, with their accomj3anying land- 
slips, may be expected. On the summit of these slopes, whether they 
terminate in a plateau or as a range of mountains, volcanic action is 
frequent, Avhilst the earthquakes originate on the lower portions of the 
face and base of these declivities. 

The Cause of Seismic Strain^ Deformation^ Thrust, aud Crush. -We 
assume that the contours referred to in the last section are mainly the 
result of rock-movement, and that seismic strain, due to a tendency to 
further adjustment, is greatest where earthquake origins are most frequent. 
The home of the volcano is evidently the place where the rocks have been 
most deformed, whilst that of the earthquake is at the base of steep sub- 
oceanic slopes where most deformation is in progress. The nature of the 
forces in operation producing this deformation is twofold. First, there 
is the horizontal thrust, so strongly emphasised by Lapworth, which may 
or may not tend to increase the height of the mountain ranges bounding 
its line of action ; and, secondly, a factor dependent on gravity, which, 
acting on the side of subaerial and marine denudations, tends to lower 
them. Earthquakes are for the most part spasmodic accelerations in 
processes with these characters. 

* See ‘Note upon the Geographical Distribution of Volcanoes,’ by J. Milne, Oeol. 

April 1880, Also addres.s to the Geological Section of the British Association, 
in i892, by Professor C. Lapworth, LL.D., F.R.S. 
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The distortions obsei’ved in fossils and pebbles, the diftcrence in 
thickness of contorted strata, and the ‘ creep ’ in coal-mines, all indicate 
that great pressures may set up movements in stratified materials corre- 
sponding to a flow. Mr. William Barlow, in a paper on the ‘ Horizontal 
Movements in Rocks,’ * as evidence of this, calls attention to the contor- 
tions and foldings observed in glacial drift produced by a load above, the 
dip seen on the face of the Grand Caflon of Colorado, and the slight eleva- 
tion observed in the area surrounded by clifls known as the ‘ San Rafael 
vSwell.’ These and other appearances may be I’egarded as instances of 
^ creep ’ upon a large scale, wlien materials have been squeezed out from 
beneath superincumbent strata. 

In studying bradyseismical movement we usually take cognisance of 
tliat which is most a]:)parent. This is the vertical component of a dis- 
placement, wliilst the horizontal movement may be entirely overlooked. 
The gcotectonic structure of many countries, however, shows us tliat dis- 
placements by horizontal thrust have taken place on an enormous scale, 
.and it is not unlikely that these forces, accelerated by the effects of cru.sh, 
are yet in operation round the basal contours of continental areas. Sub- 
oceanic earthquakes are therefore announcements that sub-oceanic brady- 
seisrnic action is in progress, and because these disturbances are more 
num(‘rous round the submerged frontiers of continental domes and in mid- 
ocean than they are on land, it may be concluded that the distortions and 
ilisplacements due to bonding, thrust, and crush are greater beneath the 
sea than they are upon continents and islands. 

Earthquakes and Landslides . — In addition to these bradyseismical 
effects, wliich only produce appreciable changes in sub-oceanic contour 
after the lapse of long intervals of time, there are the effects which accom- 
pany the actual shaking, which we may assume are not far different from 
those effects which wc see produced by earthquakes originating on land. 
Many earthquakes which we feel, although they may create alarm and 
shatter chimneys, do not produce any effect upon rocks and cliffs. This, 
liowever, does not preclude the idea that shakings of equal intensity would 
not produce effects upon submarine slopes, where, as compared with similar 
slopes on land, critical conditions may more nearly approach in character 
to the mechanism of the hair trigger. Severe eai thquakes on land are 
almost always accompanied by great landslides, and mountains which may 
for ages have b(‘en green with forest growth by the sliding away of 
2 materials on their sides suddenly present the appearance of having been 
whitewaslied. The probable effect of similar sliakings originating beneath 
the ocean in tlie vicinity of steep slopes needs no explanation. 

Another effect which sometimes accompanies these disturbances, and 
which may have been their cause, is tlie creation of a fault 50 or 150 
■miles in length, by which the country on one .side of this, relatively to 
that on the other, has been suddenly raised or lowered 20 to 30 feet. 
Earthquakes of this nature, if of submarine origin, would naturally 
produce similar effects over large areas, and, if the magnitude of the 
displac(‘d materials, whether by landslides or faulting, were large, as com- 
pared with the depth of the superincumbent waters, would also give rise 
to sea- waves. 

One of the most recent examples of effects of this description was that 
which occurred on June 15, 1896, oft* the north-east coast of Japan. On 


Quart. Journ. Geol. Soc., November 1888. 
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the evening of that day a submarine earthquake occurred in this locality 
which was recorded in the Tsle of Wight ; and, from the magnitude of the 
diagrams, it may be assumed that the world was shaken from pole to pole. 
Following this shaking, great sea-waves spread over the North Pacific 
Ocean. The explanation of these phenomena is that the earthquake was 
produced by fracture of the rocks, not at a point, but over a considerable 
length, which movement, being accompanied by the displacement of huge 
masses of material, gave rise to the sea-waves. The sub-oceanic contour of 
this locality, where the depth of the water increases at the rate of 1,000 
fathoms in 25 miles until the 4,000-fathoin line of the Tuscarora Deep is 
reached, lends itself to this supposition. The only difliculty we experience 
is to estimate thp volume of the material which must have been more or 
less suddenly displaced at these great depths to have produced so great a 
disturbance on the surface of the ocean. It is not likely that it was less 
than that of the greatest landslide of which we have historical record as 
having occurred upon the surface of the earth. 

The data we have for calculating the position of the origin of these 
great disturbances are numerous and exact. Our knowledge of the dissi- 
pation of earthquake energy, as represented by its destructivity as it 
radiates, indicates that an earthquake which dislodged sufficient material 
to disturb the whole of the North Pacific Ocean must, at the very least, 
have originated 100 miles away from Miyako, on the north-east coast of 
Nippon, at which places a few houses were shattered. 

The calculations to be found on p. 157, strangely enough, bring us 
exactly to the base of the western boundary of the Tuscarora Deep, above 
which there are 4,000 fathoms of water. This is a place from which many 
earthquakes have originated, affording evidences, particularly in this 
instance, of sudden sub-oceanic changes along the basal frontier of a 
continent the magnitude of which it is difficult to estimate. 

Buhmarine. Volcanic Action . — If highly heated rocks saturated with 
water were the only condition necessary for a display of volcanic action, 
such activities might be as marked in ocean basins as round their margins. 
The geological distribution of volcanoes, however, shows that before a 
volcanic magma can expend and find exit on the surface, the pressure due 
to superincumbent strata must be relieved, which is apparently obtained 
when they are sufficiently crumpled upwards to form mountain ridges. 
If, therefore, we seek for volcanic action beneath the sea, we may expect 
to find the same along submarine ridges, and if we discover the same, as 
we do along the central ridge of the Atlantic, the conclusion is that along 
such a ridge an upward bradyseismical movement is in progress, and not 
far from the region of eruptions there should be a region of earthquakes. 

In certain instances, apparently, as is the case with the Aleutians and 
the Kurils, so many eruptions have taken place along a submarine ridge 
that a continuous and almost connected chain of islands has been formed. 
On the flanks of the most southern of the latter group recent marine 
strata have been raised, which, taken in conjunction with the fact that 
hardly a year passes without some new eruption being noted, whilst sub- 
marine shocks of earthquakes are frequent, indicates that Japan may in 
time become connected with Kamschatka. 

Any attempt to enumerate the various submarine ridges of volcanic 
activity at present evidenced by these outcrops would be beyond the scope 
of the present paper. One curious form of evidence, indicating the exist- 
ence of volcanic activity entirely hidden in ocean depths, is referred to by 
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Mr. W. G. Forster, in his paper on ‘ Earthquake Origin/ ^ from which we 
learn that cables have, after their interruptions, been recovered from 
which the gutta-percha had been melted — probably by water at a high 
temperature. The cables referred to are near the Lipari Islands and 
between Java and Australia. 

^ Some idea of the frequency of earthquakes and volcanic shocks origin- 
ating in the ocean may be obtained from a paper by Dr. Emil Rudolph.'^ 
From his descriptions, which are derived from the catalogues of Perrey^ 
Mallet, the archives of* the London Meteorological Office, tfec., the follow- 
ing table has been drawn up : — 


Nortli Atlantic, 1724-1886 . ... 28 di^tarininces. 

Azores, 181.3-1884 20 

Cape Verde Islands, 1851-1883 .... 1 ,, 

St. Paul’s, 184. '5-1886 . .... 22 

Equatorial Atlantic, 1747-1878 . . . 43 ,, 

West Indies, Leeward Islands, 1839- 1886 . .17 „ 

South Atlantic, 1616-1875 10 

West Mediterranean, 1724-1865 . . . .11 , 

East Mediterranean, 1820-1886 .... 20 

Gulf of Mexico and Caribbean Sea, 1751-1881 . 17 „ 

Indian Ocean, 1818-1883 28 ,, 

North Pacific, cast side, 1790-1885 ... 22 ,, 

South Pacific, east side, 1687-1885 ... 47 

North Pacific, west side, 1 773-1 681 ... 14 „ 

South Pacific, west side, 1613-1885 . . .10 ,, 

East Indian Archipelago, 1796-1883 ... 20 „ 


Total 


. .133 


The records geii(*rally are more frequent as we approacli modern tiraeSy 
and, to some e.\tent, for those seas and oceans where there have been the 


greatest number of observers. Dr. Rudolph regards all his records as 
referring to shocks of volcanic origin, and, if they agree with his definition 
of Seebeben, which are shakings originating in the ocean and propagated 
as elastic waves, we concur in his \iews. 


2. Sedinienlaiioii and Ei (mon. 

This section of the paper is a consideration of conditions which lead to- 
the formation of sub-oceanic surfaces of instability which may yield by the 
continuation of the operations by which they are produced, or by seismic 
or volcanic actions. 

The first fact to be noticed is that the materi.ils resulting from marine 
denudation round coast-lines and subacrial denudation of continental 
areas are almost entirely deposited in the ocean, upon an area which is. 
relatively sinall as compared with that from which they were derived, and 
therefore the rate of growth on littoral areas per superficial unit is on the 
average greater than the rate of loss similarly estimated on continents. 
We know from soundings that the materials derived from land are not 
always deposited to form a gently sloping submarine plain, but often to 
form surfaces with steep slopes. Thus, for example, the line of the Congo 
continued seawards is represented by a gully the sides of which have 
apparently been built up as a submarine levee. Materials thus accumu- 
lated under the influence of gravity and hydrodynamic action apparently 

* Trans. Seis. Soc., vol. xv. p. 73. 


2 See p. 183. 
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result in contours which have reached limits of stability ready to yield as 
more materials accumulate, by facial slidings, by overloading, by changes 
in currents, by seismic action, and in other ways. 

Fonns of Stability , — On land we have many illustrations of natural 
curves of stability. A volcano mainly consisting of lapilli which have 
accumulated round a central orifice has a form dependent upon the 
density and strength as represented by resistance to crushing of its com- 
ponent materials. To increase the height of such a mountain, it w'ouldbe 
necessary to increase the area of its base. The upper portion of Mount 
Fuji has a slope of 30°, but as we proceed downwards the slope becomes 
less and less until at last it is asymptotic to the plain from which it rises. 
The average slope of this volcano is 15°. 

If, therefore, on the face of a bank formed by the accumulation of 
sediments, soundings, taken at points separated by one or more miles, 
indicate a certain inclination, it may be inferred that the steepest slope 
may possibly greatly exceed the quantity thus determined. 

The only experiments bearing upon slopes of stability formed beneath 
water with which the writer is ac<iuainted are a few made by himself. 
These experiments, which were made with sand and carried out in various 
manners, pointed to the following general results : — 

1. Sediments deposited under the influence of currents accumulate in 
slightly flatter forms than those of similar materials built up on land. 

2. Peaks, edges and corners of loose materials which may be fairly 
stable on land are beneath water, even when it is still, quite unstable, and 
quickly become rounded. 

3. A mound or bank when thus rounded is very stable even under the 
influence of strong currents, but the unstable form may be quickly repro- 
duced by the accumulation of new sediments. 

The conclusions then are, first, if we find beneath water very short 
slopes of detrital matcrin,ls, if they are 2° or 3° less than the aiigle at 
which similar materials are self-supporting on land, they have reached a 
limit of stability ; and, secondly, average slopes over distaiices of one or 
more miles indicate the existence of much steeper slopes over shorter 
lengths. 

Causes resulting in the Yielding of Submarine Banks . — Because it is 
not likely that submarine earthquakes the movements of which are felt 
round the world are the result of volcanic action whenever these are 
accompanied by sea-waves, it may be inferred that the latter have been 
produced by the dislodginent of vast masses of material from the faces of 
steep slopes. Illustrations of such changes will be given in the next 
section. 

That intermittent facial sliding takes place on steep slopes during the 
accumulation of new materials is rendered likely by what we observe 
taking place on the faces of a mound of sand, submerged beneath water, as 
it grows upwards as an accumulation from a fine stream of sand descending 
from above. 

Basal crush with horizontal displacement would only be expected to 
occur around the lower edges of slopes of great height ; and as it is hardly 
reasonable to suj)pose that such slopes owe their form simply to the 
accumulation of sedimentary deposits, then the frequent origin of 
earthquakes in such localities indicates that the primary cause of crush or 
thrust is the result of yielding in rocky masses rather than that of 
detritus. When speaking of cable-interruptions it will be seen that some 
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of these have been attributed to the displacement of materials which have 
been loosened by the submarine escape of fresh water. Examples of 
springs of fresh water in bays and along coast-lines are numerous, whilst 
there is abundant evidence of the absorption of rainfall and even of rivers 
on continental areas, which in some instances it is suspected find an exit 
in the sea bottom. Granted the existence of sub-oceanic springs, we see in 
them at and near their exits a possible cause by which deposits may 
be loosened and landslips take place. Under certain conditions such 
dislocations might be expected to be periodical, following, for example, 
the rainy seasons. Ocean currents whicli fluctuate in direction and 
intensity, together with those of temporary character produced by the 
backing up of water during gales in bays, estuaries, and coasts, may also 
disturb the isostasy of submarine materials. 

For details of these and other operations producing sub -oceanic change 
reference must be made to the writer’s original paper. 

Cable I'vacUirc. 

The fast that, on the level plains of ocean ))eds, cables lie for years 
and years without disturbance is another testimony to the facts brought 
together by geologists to show that the flat plains of ocean beds are regions, 
where there is but little charjge. Directly, however, we approach sub- 
oc(‘anic banks or the margins of continental slopes, although the 
depths may l)o abysmal, the fact that cables after interruption 
have to be broken away from beneath materials which hold them 
fast, indicates that regions of dislocation have been reached, and 
what is true for these great depths is also tiue for localities nearer 
land. Sometimes cables are bent and twisted, sometimes they are crushed. 
Now and again sections are recovered which, from the growth of shells 
and coral on all sides, show that they hav(j been suspended. Others show 
that fracture has apparently been the result of abrasions, whilst the ends 
of wires, one of which is conca^e and the other convex, slightly drawn 
out, indicate that yielding has been the rc'sultof tension. Needle-pointed 
ends suggest electrolytic action ; ^ but, although cable-interruption may 
occur in these and other ways, the explanation which Ijest accords with 
tlie observations made during cable-recovery generally arc those which 
attribute their dislocation to sudden displacement of the bed in which 
they are laid, or to their burial by the sliding down of materials from 
some neighbouring slope. 

Honietiines it will bo seen that earthcjuake movement and cable 
fracture have been simultaneous, whilst many instances will }>e given 
where an interruption has occurred at about the same time that an unfelt 
movement has been recorded on land. These latter records, which in the 
lists are marked with an asterisk, are unfortunately not numerous, and 
only r.efcr to days between the following dates : — 

1. Observations at Po(sdam, Wilhelmshaveii, Strassburg’, Nicolaiew, Teneriffe, and 
in Japan. These, which include many of the writer’s observations, are publislied m 
‘ Bcitriigc zur Geophysik,’ Band II , by Dr. E. von Kebeur-Baschwitz, March 27 to 
October 5, 188‘J ; January 4 to April 27, 1891; February 28, 1892, to August ;)l, 

1893. 

2. Observations at Charkow by Prof. G. Lewitzky, August 4, 1893, to October 

1894. 

* This may be due to electrolytic action between the zinc and iron of the 
sheathing wires, or to the cable having rested on a mineral deposit. 
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3. Observations by Prof. G. Vicentini, at Padua, February 1 to August 29, 1895. 

4. Catalogues of Prof. P. Tacchini, January 1895 to October 16, 1896. 

5. Observations at Shide, Isle of Wight, by John Milne, August 19, 1896, to May 
1897. 


Fracture of Cables in Deep Ocea^js, 

The times of earthquakes are given in G.M.T. astronomical time. Noon = 24 hours. 

H'orth Atlantic. — Through tlie kindness of an engineer, whose experi- 
ence in the laying and repairing of cables has extended over many years, 
I am enabled to give tlie dates at which various cables have become 
ruptured, or been restored to working order. The only case of alteration 
in depth which he noticed was during the repairs of November 1884, but 
this was not great. It seemed as if the picked-up cable had to be pulled 
from under a bank of earth which had slipped down from the eastern 
slope of the Newfoundland Bank. 

The following is a table of North Atlantic cable-interruptions : — 

North-eastern Slojye of Flemish Cap. — (37° W. to 14° W. long.) July 1894 (about); 
June 1888 (about); September 1889; September 1881 ; June 10, 1891*; July 28, 
4.40 A.M., 1885 ; Ajail 18, 8 P M , 1885; July 25, 8 A m., 1887 ; June 1895. 

Near South-eastern Slope of the Nenfoundland Hank. -(4G° W. and 50° W. long ) 
September 1887 (about) ; October 3, 9.15 p m., 1884 ; October 4, 4.8 A.M., 1884 ; 
October 4, 4 and 8 A.m., 1884 ; September 1889. 

An unfelt earthquake was record(‘d, June 11, 7h. 22m., 1894, very strong at 
Charkow. 

A striking feature connected with these Atlantic troubles is that 
nearly all have occurred in deep water near to the base of the eastern 
.slope of the Flemish Cap, 330 miles from St. John’s, Newfoundland, or 
the south-eastern slope of the Newfoundland Bank. Off the Flemish Cap 
in lat. 49° N. and long. 43° E. there is a slope, in a distance of 60 miles, 
from a depth of 708 fathoms to 2,400 fathoms, or 1 in 35. Another 
slope, over a distance of 30 miles, is from 275 to 1,946 fathoms, or 1 in 17. 
Off the eastern side of the Newfoundland Bank, in a distance of 25 miles, 
the depth changes from 27 to 1,300 fathoms, indicating a slope of 1 in 19. 

These slopes are all well witliin the limits at wliich from time to time 
yielding, due to bradyseismical thrust or secular crush, should be expected ; 
and the further a cable can he kept away from the scene of such action, if 
we may judge from experience, the longer will be its life. 

In one case only has the cause of failure been attributed to a land- 
slide, which it is just possible was caused by, or accompanied with, seismic 
phenomena. A very significant fact is the case when three cables running 
in parallel lines about 10 miles apart broke, at points nearly opposite to 
Bach other, on the same straight lines. This was on October 4, 1884. 
A.t first the accidents were attributed to the grapnel of a cable vessel, but 
IS no grappling was clone then this hypothesis had to be abandoned. 
Because three cables broke apparently at the same time in the same 
locality, one inference is, that the cause resulting in rupture was common 
bo all, and this may have been a sudden change in the configuration of the 
Dcean bed. Such a change does not necessitate any alteration in depth, 
5uch as could be detected by sounding, but either a landslip along a line 
)f considerable length or simply a line of fracture like tiiat which was 
suddenly formed along the Neo valley in Japan in 1891. 

When, on the American and English coasts, types of seismometers 
vhich will record the unfeli movements of the earth’s crust have been. 
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established, it seems likely that the cause of cable interruptions may be 
better understood. Because the fifteen repairs indicated in the previous 
table possibly cost half a million sterling, the advisability of localising 
areas that should be avoided, and that we should be able to attribute 
effects to their real cause, are evidently desiderata of great importance. 

JSt. Lotiis — Fer^mndo Noronlia. — From a paper read at the Institution of Electrical 
Engineers by Mr. H. Benest, A.M.Inst.C E., ‘ On some repairs to the South American 
Company’s cables off Cape Verde in 1893 and 1895,’ it seems that the St. Louis — 
Fernando Noronha cable has been twice broken. ’J'he first break occurred on 
December 26, 1892, about 130 miles from St. Louis du Senegcil, in a depth of 1,220 
fathoms, at the time of a heavy gale 3’he tape covering for 140 fathoms was rubbed 
bare to the sheathing wires, but on one side only. The sheathing wires at the break 
were drawn oat as if they had been broken in a testing-machine. The Fernando side 
of the break also showed the effect-; of rubbing, and the character of the fracture 
was similar to the other end. In picking up these two mids there was at first a strain 
in one case not exceeding 2 6 tons, and the other of 4 tons ; but as tin; ends wert* 
iipiiioachcd this rose to about (> ions, when the cable evidently cleared itself from 
some obstruction, and came easily on board. 

Altliough we have liere evidence of what may possibly liave been a 
submarine landslip, I am not aware that at that time any disturbance was 
noted ill Europe. 

Tlie second date is March 10, 1895. Hero, again, great difficulty was 
experienced in breaking out tlui cable from beneath the mud, detritus, or 
whatever the materials were that had covered it. The position of this 
brijak was about 20 miles south-west from that of 1893. 

On March 5, at 22 hours G.M.T., a very large unfelt disturbance was 
recorded in Europe, and one of moderate intensity at several places in 
Italy on May 10, at 10.4 p.m. 

Mr. Benest holds the opinion tliat tliese fractures are connected with 
submarine river outlets and gully formations in the ocean beds. The 
gradients in the vicinity of th(‘. fractures vary from 1 in 34 (1° 30') to 
1 in 7 (8<^). 

Prrnamhico — Cape Verde. — To the north-west of St. raid’s (lat. 2° 41' 45" N., 
mid long. 30° 29' 15" W ), wiiic4i is a volcanic centre, two cables broke simul- 
laneouslyin a depth of 1,675 fathoms, indicating that the rupture was duo to a 
widespread cause. This was on September 21, 1893. Here, in the deep ocean, this 
was the only failure in nineteen years. 

Madras — Fcnang and Aden — Jiomhay . — These interruptions are referred to on 
pp. 198, 199. 

Intenuptiom^ to Cables on or near io Sah-oceanic Continental slopes. 

West Coast of Central and l^oath' A ^neriat. ~ As illustrative of conditions 
which may exist round many parts of the west coast of South America, 
wdiere there have been sudden and gradual up] if tings of the land within 
historical time, a portion of a chart showing contours near to the mouth 
of the river Esmeralda is reproduced. The soundings are in fathoms. 
Those in ordinary figures are from information receiied prior to June 
1895, whilst those in larger type are from soundings taken in March 1896. 
Changes from 13 or 20 fathoms to upwards of 200 fatlioms in this short 
interval of time are certainly remarkable ; and as the position of the cable- 
repairing vessel ^ Relay,’ belonging to the Central and 8outh American 
Telegrajili Company, which made the observations, was ensured by cross- 
bearings on the land, their general accuracy cannot lie doubted. 

The figures surrounded by a circle were taken many years ago, and 
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are probably no longer correct. Off the shore, in a distance of 3 miles, 
there is a depth of 200 fathoms, indicating a slope of 1 in 15, whilst at 
distances of 10 miles from shore, over a length of 1 mile, slopes of 1 in 3 
may be found. 

We have evidently here many instances of recent cliange in sub-oceanic 
form, and at the same time illustrations of conditions whe>re considerable 
instability might be expected, and cable interruptions might therefore 
frequently occur. It will be noted, by reference to the map, that the 
position of fractures which have taken place are grouped near to the base 
of these steep slopes, and in this rcsj)cct follow the rule of similar occur- 
rences in the North Atlantic. 

The following is a list of certain interruptions which have taken 
place off the coasts under consideration : — 

La Llhcrtad — Salina Cruz. — November 25, 1800 

Panama — l:kin Juan del Stir. — Jimc 4, 1880* ; July 31, 1880*. 

Sia. Elena — Buenaveaitura. — This section is laid ofE the mouth of the river 
Esmeralda, at which point many breaks have occurred. Lat. 58' 20" N , long. 
79° 41' 26" W. August 30, 1800; January 25,1801*; February 13,1802; Decem- 
ber 6, 1893* ; December fi, 1803* ; December 14, 1803* ; December 20, 1893.* 

Paita (Peru) — Sta. Elena {Ecuador) — This section passes Talara point, where 
many breaks have occurred. Lat 1° 29' »S , long. 81° 17' W. September 1802 ; 
May 10, 1883 ; September 3, 1880; May 15, 1889* ; March 31, 1801* ; April 0, 1801* , 
May H, 1892*. 

Molhudo — Chordlos (Peru). — This section crosses the gully off Pc.scadorcs pointy 
lat. 10° 24' S., long. 73° 18' W. February 23, 1884; March 24, 1884; April 5, 
1884; June 13, 1884; January 30, 1880; August 13, 1880; August 16, 1887; 
March 25, 1887 ; December 10, 1887, supposed to have been broken by an earth- 
(piake; December 11, 1888 ; February 21, 1800 ; March 15,1800; March 30,1801*,- 
June 4, 1895* ; October 16, 1892*, suppo.sed to have been broken by an earthquake 

Arica — Molleudo. — May 0, 1877, by an earthquake; July 15, 1887 ; befoio 
June 24, 1891 ; August 13, 1891 ; June 6, 1805*, shore end broken by waves. 

Iquique — Arica. — May 0, 1877, by earthquake : May 7, 1878, by an earthquake; 
June 12, 1806*, shore end broken by waves. 

Caldera — Antofagasta. — July 7, 1880. 

Valparaiso, Serena. — July 26, 1877; August 15, 1880, by earthquake; July 8, 
1885 ; before August 19, 1801. July 4, 1895*, by landslide or earthquake. 

The unfeJt earthquakes which were noted in or near Europe were as 
follows : — 

January 25, 1891, 5-Olh A small disturbance was recorded at Teneriffc. 

March 20, 1891, 13 0h. to 14 8h. There was an earthquake of moderate 
intensity noted in Teneriffe. 

May 15, 1802. At 2 Oh. at »Strassburg, and at 3*7h. at Nicolaiew, there was a 
feeble shock. It is, however, possible that this earthquake may have had its oiigin 
at Stavanger, in Norway. 

October 13, 1892. At 17 07h , and October 17, at ll‘88h, at Strassburg. 

December 16, 1893. At Charkow at I3h 13m. there was a stiong disturbance. 

June 4, 1895. At Padova at i8h. 23m., large disturbance. 

July 5, 1895, 5h. 32m, At Padova, origin evidently at a great di.stance. 

Whether these seven unfelt movements recorded on the eastern side 
of the Atlantic were connected with seismic disturbances on the western 
side of South America leading to cable interruptions, it is impossible to 
speak with confidence until we know the hours at which these interrup- 
tions took place. In the meanwhile, all that we can say is, that it is 
worthy of note that out of fourteen cable interruptions, seven of them 
took place about the times when delicately suspended instruments in or 
near Europe were set in motion. Six interruptions took place when 
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earthquakes were felt, whilst others were caused by landslips, which in 
turn may have been the result of mechanical shaking. On certain 
sections, as for example that connecting Arica and Mollendo, fractures 
have only taken place in certain months, which in this instance are J une, 
July, and August. Kestrictions like this suggest that the cause of 
fracture has been due to landslips brought about by the escape of fresh 
water beneath sea-level, the action of currents, or other sub-oceanic 
phenomena having seasonal maxima. 

The interruptions off Pescadores Point (16° S. lat.), although, when 
recovering cables, branches of almost petrified trees have been brought 
to the surface, Mr. R. Kaye Gray attributes to the great unevenness of 
the bottom, there being in that neighbourhood submarine hills 3,000 and 
4,000 feet in height. 

The following notes bearing upon the above sections were kindly 
drawn up by Mr. W. E. Parsone, who has been engaged in cable work on 
the west coast of South America : — 

Arica — Mollendo Section . — This .section was laid in 1875. On the night of May 9, 
1877, while the cables between Arica and Lima were being used for diret^t working, 
a very distinct shock of earthquake was felt by the operator in the Lima office at 
about 10.30 P.M., during receipt of a message from Arica, and communication 
ceased a few seconds later. The intermediate .station of Mollendo afterwards 
reported that the shock was also felt there, and at about the same time, and that 
they were unable to communicate with Arica. Mr. Parson6 located the rupture of 
the Arica— Mollendo section as close to the shore at Arica, and proceeded by first 
opportunity to that place, where it was found that a violent earthquake shock on 
May 9, 1877, had been accompanied by a tidal wave of unusual severity, which had 
completely wrecked the greater portion of the town. The sea-front and harbour 
had suffered enormous damage, the iron pier having been washed away, and prac- 
tically all the craft in the port having parted their moorings or foundered. In 
undertaking the repair, tons of anchor-moorings and material were picked up with 
the cable, which had been considerably dragged out of position and twisted for a 
considerable distance from the shore. Communication on this section was restored 
on May 24, 1877, and worked without interruption until it was permanently 
repaired by renewing a portion of the shore-end and intermediate cable on 
November 17, 1878. 

Iqulqiie— Arica Section . — This section was laid in 1875 On May 7, 1878, a severe 
shock of earthquake was experienced in the neighbourhood of Iquique, after which 
the cable connecting that place with Arica was found to be interiupted. Mr. 
Parson6 located the rupture at 6 knots from Iquique on the intermediate cable in 
60 fathoms of water, and, after considerable difficulties working with barges, there 
being no repairing-ship obtainable, succeeded in lifting the cable on the spot. Both 
ends were recovered, and it was found that the cable (intermediate) had snapped 
clean through, the compound on either side of the break being undisturbed, except 
at, say, a distance of 18 inches on either, where the sheathing wires had made one 
complete turn. There the compound had sprung, and some of the strands parted, 
and the sheathing wires compressed out of position. But for tlie.se comparatively^ 
slight indications of the enormous force which must have been exerted to make sa 
clean a break in heavy intermediate type, the cable was in no way damaged, the 
rest of the cable being in as good condition as the day it left the factory. The 
earthquake, which was undoubtedly the direct cause of the rupture, was said to* 
have a direction from south-west to north-east, and it was noticed with much surprise 
that the base of the high cliffs on the fore-shore bore marks of recent disturbance 
at a spot bearing due north-east from the position of the break. The disturbance 
referred to had the appearance of a recently formed cavern or tunnel — a few feet 
above the beach where the base of the hard rock was met — as if some enormous 
piece of artillery had been fired point-blank into the rock, and this had also caused 
a falling away of the surface rock above the opening, which peels off in layers like 
decomposed slate. We could not land at the place to examine it more closely on 
account of the surf and rocks, but attempted to do so by clambering and crawling 
over the headland of rock ; but large thin sections of decomposed surface slipped 
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away with us continually, and we had to give up the attempt. Communication was 
restored with a piece of deep-sea cable and permanently repaired with the s s. 
‘Retriever’ on November 21, 1878. 

La Serena — Valparaiso Section — This cable was laid in 1876, and interrupted off 
the Limarec River on July 26, 1877, as was thought, by floods from the river, although 
in its normal condition it is practically a dry bed before it reaches the sea. 

This section was again interrupted on August 15, 1880, by an earthquake ; and 
the same section was again interrupted by a landslip on July 4, 1885, presumably due 
to an earthquake. 

MolleTido — Cliorillos Section. — This cable was laid in 1876, and was frequently 
interrupted off Pescadores Point to the north of Mollendo, where considerable 
inequality of depth is experienced, due presumably to the channels of an extinct or 
subterranean river, whose estuary may now be some miles at sea, and create 
periodical submarine convulsions at great depth and at, say, 40 or 60 knots from 
the coast. In any case, all difficulty has cejised in this localit}^ since the cable has, 
for a considerable length, been diverted to close inland and laid as close to the shore 
as it was safe for a ship to get. 

This section was also broken in two different places by an earthquake which 
occurred on December 10, 1887. 

East Coast of South America . — The geological and topographical 
conditions on the east coast of South America are strikingly different 
from those met with on the west coast. On this latter coast the land 
plunges rapidly downwards beneath the sea, as a slope produced by 
bradyseismic thrust and folding, whilst on the former, when measured 
over long distances, the slope is gentle, indicating an absence of orogenic 
activities. Although the land is generally continued seawards at a low 
angle by the deposition of sediments and the scouring action of currents, 
hero and there declivities may have been produced by such epigenic 
actions. 

On the following sections interruptions have been rare or have not 
occurred : — 

Maldonado — Montevideo. — Since 1876. 

Santos— Chvy . — Since 1892. 

Chny — Maldonado. — Since 1875. 

Itio Grande do Svl — Chuy . — Since 1875. 

From these sections, which lie on the northern side of the Rio de la 
Plata estuary, as we proceed northwards interruptions have been more 
and more frequent. They are as follows : — 

Montevideo — Buenos Ayres. — October 12, 1889. 

St'a. Catharina — Itio Grande do Sul . — June IG, 1890. 

Santos — Sta. Catharina. — March 12, 1890. 

Montevideo — Rio Grande do Sul. — April 26, 1889 ; June 11, 1889* ; December 4, 
1889 ; May 4, 1890 ; December 4, 1891. 

Chuy — Montevideo. — June 27, 1892; July 10, 1892* (restored)) November 11, 
1892 (date of interruption not recorded). 

Itio de Janeiro — Santos. — April 16, 1889; April 5, 1890; December 24, 1890. 

Bahia — Rio de Jarieiro. — January 31, 1889; September 3, 1889* ; September 21, 
1889* ; July 24, 1891 ; July 31, 1891 ; September 4, 1896. 

Bernambuco — Bahia . — April 1, 1889; July 20, 1889; July 14, 1891. 

Ceara — Pernambuco. — April 8, 1890; March 14, 1891*; September 1, 1893*; 
January 12, 1896 ; March 3, 1896; March 4, 1897*. 

Maranham, — Ceara. — May 22, 1889*; April 29, 1890; January 20, 1891; 
January 28, 1891 ; March 4, 1891*; March 8, 1891*; November 25, 1891 ; October 11, 
1892*; February 12, 1894*; March 6, 1894*; November 26, 1894; April 28, 1896; 
December 2, 1896.* 

Para — Maranham . — September 6, 1888; November 2, 1888; May 22, 1889*; 
December 27, 1889; January 10, 1890; July 24, 1890; January 12, 1891 ; October 19, 
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1891; December 2, 1891 ; January 19, 1892; October 15, 1892*; March 20, 1893*; 
September 1, 1893*; March 24, 1891*; July 23, 1894*; November 1, 1894; 
November 10, 1894; November 15, 1891; January 7, 1895; February 9, 1895*; 
October 10, 1896*; December 13, 1895*; December 18, 1896*; July 9. 1896*; 
August 6, 1896* ; October 8, 1896* ; May 5, 1897.* 

In the above list the thirty-one interruptions marked with an asterisk 
took place whilst horizontal pendulums were in operation in or near 
Europe. 

The European observations were as follows : — 

September 18, 1889. At Potsdam, 6'92h. to 9'3h , there wa'! a large disturbance, 
which suddenly became great at 7 87h. At Wilhelmshaven the disturbance lasted 
from 7h. to 9 6h. The origin is unknown. 

September 5, 1889. xU Potsdam there was a heavy disturbance at 22'67h., with 
a sudden increase at 23’08h At Wilhelmshaven similar phases are at 22*5h. and 
23 08h. Large disturbances also with unknown origin were noti^d on August 29 at 
18-48h. 

October 9, 1892. At Stra^ssburg and Nicolaiew, at about 2-45h. and 2 70h. 

March 3, 1891. At 'I’eneriffe, earthquake at l‘79h. Origin unknown. 

May 21, 1889. At Potsdam, a heavy disturbance at 10'55h. to 11-lh. Origin 
unknown. 

March 20, 1893. At Strassburg and Nicolaiew, at 5-1 8h. and 5-27h. At this 
time there was an earthquake in Catania. 

October 13, 1892. In Stras-sburg 17 07h. to ]7*78h. An earthquake on the 
Donau, 

September 1, 1893. At Charkow at 9.35 A M. 

February 12, 1894. At Charkow, a strong di.sturbnnee at 1.35 

March 24, 1894. At Charkow, about this time, exceedingly heavy disturbances 
were recorded From ]7h. 35m. on the 2l8t to 2h 48m. on the 22nd ; from 9 35h on 
the 22nd to 3’35h. on the 23rd ; and on the 24th, from Oh 26m. to Ih. 2m 

July 22, 1894. At Charkow, from U-35h. to 17 3511. 

October 9, 1895, at 13h. 26m. Slight. 

July 8, 1896, at 14h. 54m. and 17‘46. At Shide. 

October 6, 1896, at 21-6lb. At Shide. 

May 5, 1897, at 10*44h. At Shide. 

December 2, 1896, at 10 to 11 a.m. At Shide. 

Inasmuch as two of the interruptions took place on May 22, 1889, 
and two on September 1, 1893, which closely correspond with the unfelt 
but heavy earthquake in that year, we may say that out of twenty-nine 
interruptions sixteen of these have approximately coincided with the times 
at wliich earthquakes with unknown origins have been recorded in Europe. 

Because on the Para — Maranham ‘ section interruptions have been 
frequent in October, November, and December, and on the Maranham — 
Ceara section in November and in March, in searching for the cause of 
these interruptions we should look to variations in ocean currents or 
phenomena with a seasonal change. 


TPc.si^ Coast of Eiirope and Africa, 

Mediterranean Liparl — Mllazzo Sea . — December 1, 1888 ; March 30, 
1889* ; September 15, 1889* ; February 9, 1893.* 

Zante — Canea . — March 29, 1885. 

’ ‘ The Para —Maranham cable is, I believe,’ a friend writes me, ‘ laid on a 
shallow muddy bottom, the mud being so fluid that it is said that a schooner with 
a fair wind can make a good passage when half m mud and half in water.’ If this 
is so, then the Amazon floods may have much to answer for in connection wi'li 
cable-interruption. 

O 2 
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Patras — September 9, 1888 ; August 25, 1889* (two inter- 
ruptions). 

The earth-movements which were observed were as follows : — 

March 28, 1889. At 7'35h. at Wilhelmshaven, fairly large. 

{September 13, 1889. At 6 50h. at Potsdam and from 7h. to 9-5h. at Wilhelms-^ 
haven. 

February 9, 1893. At Rtrassburg 6*23h. to 8‘48h., and atNicolaiew GT9h. to 8'07fr.^ 
heavy movement. The epicentre possibly near Samotrace. Two other earthquakes^ 
were noted on this day. 

August 26, 1889. At Potsdam at 7*621i. and at Wilhelmshaven from 7'r)3h. to 91i., 
a large disturbance. Epicentre near Patras. 

The Lipari — Milazzo fractures took place in depths of from 400 to 050* 
fathoms 2 or 3 miles distant from Vulcano, about north-east from 
Solfatore. 

The Zante— Canea interruption occurred about 5 miles west by south 
off Sapienza Island, in a depth of 1,500 fathoms with a clay bottom. 
Soundings varied as much as 250 fathoms in the length of the ship, and 
from 1,350 to 1,834 fathoms in half a mile. 

The first of the Patras — Corinth breaks occuried about 2 miles north 
of Akraia, in mud at a depth of 197 fathoms, whilst one of the second 
interruptions took place in the same locality, in depths varying between 
408 and 270 fathoms within a mile, and the other, in cable No. 2, within 
half a mile south of Morno point. 

Mr. W. G. Porster, writing in the * Transactions of the Seismological 
Society,’ vol. xv., respecting these districts, tells us that after the Filiatra 
shock in 1886 it was found, by the broken cable 30 miles away, that 
some four knots of the same had been covered by a landslip, whilst the 
depth of the water had increased from 700 to 900 fathom.s. In 1867, 
after the destruction of Cephalonia, the soundings taken after the shock 
were different from those taken before. Again, on September 9, 1888, at 
6.4 P.M., the town of Vostizza, in the Gulf of Corinth, was destroyed, and 
simultaneously the cable between Zante, Patras and Corinth was inter- 
rupted. The cause of this, as deduced from soundings and the appear 
ance of the fractured cable, appears to have been either a sudden tautening 
caused by the sweeping down of a mass of clay from a 100-fathom bank 
to a 300-fathom bank, or the actual yielding of the bed on which the 
cable lay. 

In 1889 a second cable 'was laid down in the Gulf of Corinth, but thi.s, 
when it had been down about three months, was, together with the 1884 
cable, fractured at the time of an earthquake on August 25 at 8.51 p.m. 
The 1889 cable seemed to have been smashed by the movement of a mass 
of material about a mile in length, whilst the 1884 cable was broken at 
two points by a slip on a 10 to 450 fathom bottom. 

In the districts considered by Mr. Forster, there are, as he points out, 
great irregularities in submarine contours, the depths within short 
distances changing from 50 to 300 and then to 1,600 fathoms. By the 
deposition of silt, and the undermining of steep slopes by bottom currents, 
the exit of underground springs and even rivers, overhanging shelves, 
tottering and precipitous rocks, and other unstable arrangements, may 
suddenly give way and cables suffer rupture. 

The facts are that the sub-oceanic contours are such that they might 
be expected to be unstable, and that these contours, at the time of earth- 
quakes, have suddenly been changed. In one instance there has been an 
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increase in depth of over 2,400 feet, and in another of 1,200 feet ; whilst 
in the case of the 1889 disturbance, eleven and a half minutes later, 
unfelt earth waves of considerable magnitude were recorded at Wilhelms- 
haven, 1,732 kilometres distant. Similar unfelt movements have also 
been recorded at distant places at about the time when cable-interruptions 
took place, in every instance where we have been able to make comparisons. 
The conclusion, then, is that in this region earthquakes occur, producing 
beneath the ocean what is equivalent to the landslips which similar move- 
ments produce on land. 

Bay of Biscay . — About 1875 the Direct Spanish cable was broken 
about 150 miles north of Bilbao by what seemed to be a submarine 
landslip, which may have been produced by an undercurrent produced by 
the piling up of the surface waters under the influence of a westerly gale. 
The soundings showing the neighbourhood of the interruption indicate 
slopes of 1 in 7 and even 1 in 3, and it is therefore a district in which 
landslides and dislocations might be expected to occur. From Mr. R. 
Kaye Gray I learn that the 1872 Bilbao cable broke down periodically — 
usually in the month of March, with or after a heavy north-west gale. 
This took place about 30 miles to the north of Bilbao, and, when repairing, 
it was invariably found that 4 or 5 miles had been buried. The cause of 
these interruptions was attributed to a heavy submarine current caused 
by the piling-up of surface water, cutting the prolongation of a river-bed 
with steep walls wliich, when undercut, fell in masses to bury the cable. 

Bt. Thome' —St. Paid de Zoanc/a.— Interruptions which have been 
noted on this section were as follows : — 

January 22, 1892; September 13, 1892*; November 24, 1892’“; February 17, 
1893^*; April 11, 1893*, May 30, 1893»^; February 6, 1801*; January 22, 1895* ; 
January 15, 1896*; IMay 2, 189G*; June 15, 1896.* 

The dates on which unfelt earthquakes were recorded were as 
follows : — 

September 13, 1892 At 8tra.ssburg a very large disturbance from 9*64h. to 
] 3'31h. Origin unknown, 

February 16, 1893. At Strassburg at 0 08h. Origin possibly in Japan. 

April 11, 1893. At Strassburg and Nicolaiew, l.S'58h. to 19h. Moderate. On 
April 8 at these stations there was a heavy movement from P87h. to 4:*17h, Origin 
unknown. 

May 30, 1 893. At tlie above stations from 4 33h. to 5 32h ; a great movement. 

February 5, 1894. At Chaikow from 4h. 54m. to lOh. 31m. there was a strong 
movement. 

January 18, 1895, 2h, 37m. At many places in Italy. 

January 15, 1896, 7h. 10m, At many places in Italy. 

IMay 2, 1896, Ih, 20m. Strong through Europe. 

June 13, 1896, 1 Ih. 51m. Strong through Italy. 

June 14, 1896, 221i. 46m. Strong through Italy and at Shide. Origin, Pacific 
Ocean. 

We have therefore ten cases of interruptions on or near to the dates 
of nine of which large earthquakes were recorded. It is difficult to 
imagine that tliis particular district should he characterised by any 
seismic activity, hut it seems possible that, if it is a district where 
sediments rapidly accumulate to attain an unstable form, these might 
from time to time give way under the influence of earth-waves originating 
at a great distance. 

On tliis particular section Mr. R. Kaye Gray points out that, from 
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-the mouth of the Congo, extending seawards, there is a difficult gully 
to cross, the walls of which are 2,000 feet in height ! Although the gully 
widens towards the west, this height is maintained for a considerable 
distance. The shallowest water is found along the edges of this gully, 
which therefore has a transverse section not unlike that of a river bounded 
by a naturally formed levee. 

The East Coah of Africa . — The following are interruptions noted in 
various cable sections along the east coast of Africa : — 

MozamUqv^ — Zanzibar. — February 1, 1885 ; April 2, 1885 ; September 20, 1894*. 

Delagoa Bay — Durban. — October 15, 1890; November 18, 1890; December 10, 
1894 ; January 20, 1896* ; July 13, 1896*. 

Mozambique — Delagoa Bay QLorenzo Marquez^. — November 11, 1890 ; November 
18, 1890; January 5, 1893*; January 25, 1893*; June 9, 1896*; December 21, 
1896.* 

Zanzibar — Mombasa. — December 20, 1890; January 25, 1892; September 4, 
1894*; September 26, 1894*; March C, 1896*; August 23, 1896*; September 

23, 1896*. 

Aden — Zanzibar. — January 8, 1890; May 11, 1891 ; Decembers, 1891 ; February 
20. 1893*; August 9, 1893* ; December 21, 1894; September 2, 1896*; December 

24, 1895* ; January 27, 1896* ; March 16, 1896-'‘ ; March 23, 1897 (?).* 

With the nineteen interruptions marked with an asterisk, there are 
eleven instances where these may have corresponded with the records of 
unfelt earthquakes. Approximate coincidences with earth- movements 
are as follows : — 

January 22, 1893, at 19-87h. A weak disturbance was noted at Nicolaiew and 
Strassburg. 

September 1, 1894, from Ih. 43m. to 4h, 21m. Moderate at Charkow. 

September 25, 1894, 16h. 49m. to 17h. 8m. At Charkow. 

February 20, 1893, from 19 23h. to 19'78h. At Strassburg small, origin in Japan. 

August 9, 1893, from 17h. 11m. to 19h. 4m. At Strassbuig moderate. 

March 3, 1896, at 16b. G3m. Recorded through Europe. 

August 21, 1896, at lOh. Om. Recorded at Padua. 

September 2, 1895, at l-3h. to 9'6h. and 19h. AtShide. 

March 15, 1896, at 19h. 36ra. At Sbide. 

September 21, 1896, at 16h. 53m. Recorded through Europe. 

March 23, 1897. At Shide at 4-29h., slight. 

Sir James Anderson, in 1887, speaking about the interruptions oft* 
the river Rovuma (11° S. lat.), remarks that, so far as soundings showed, 
there was an even bottom and all that could be desired as a bed on which 
to place a cable, yet every year the cable broke. The broken ends 
suggested that the cable had been suspended until it snapped. Although 
the cable was shifted further out, and then closer in, it still broke. This 
happened eight times, and it was noticed that the interruptions occurred 
at about the same time of the year. Seven of these breaks are fairly on 
the same line, and Sir James’s suggested explanation of this cause was 
that the time when the interruptions occur is at the termination of 
the rainy season in the African mountains, at which time fre.sh-water 
springs take away the bottom on which the cable lies, and leave it 
suspended. 

Mr. John Y. Buchanan suggests that sometimes a cable may be 
broken in consequence of its slowly subsiding through ooze, until the 
catenary strain becomes so great that it eventually snaps. 

Aden — Bombay . — Interruptions noted on this section were the 
following : — 

July 11, 1881 ; June 3, 1886 ; July 27, 1886 ; July 11 1888 August 11, 1888. 
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On the second and last of the above dates the two cables connecting 
Aden with India were simultaneously broken, and the traffic between 
India, Australia, and the East had to pass over the land lines of Russia, 
Persia, and Turkey. The fractures took place on an even bottom a few 
hundreds of miles from Aden. At the time of the 1885 interruption, a 
fearful cyclone was raging at Aden, and it is therefore possible that the 
ruptures may be attributed to causes similar to those which seem to have 
operated on the Bilbao cables (p. 191). The place of fracture was 119 
nautical miles from Aden, 20 to 25 miles south of the Arabian coast, at a 
depth of 870 to 990 fathoms, on an even bottom of mud. 

Penang and Interruptions noted on this section have been 

as follows : — 

May 12, 1873 ; November 16, 1876 ; March 28, 1876 ; November 9, 878 ; April 22, 
1880 ; January 31, 1881 ; June 6, 1883 ; November 16, 1883 ; June 13, 1884 ; Septem- 
ber 2, 1886 ; November 2, 1886 ; November 14, 1886 ; September 22, 1888 (?) ; May 13, 
1890. 

On the above dates horizontal pendulums or the equivalent instru- 
ments were not in operation, but that these interruptions were partly 
due to sub-oceanic change may be inferred from the fact pointed out by 
Sir John Pender in the ‘Electrical Review ^ of May 23, 1890, who says 
that nearly all the interruptions on this line have taken place on very bad 
ground near the Nicobar Islands. 

The following completes the list of interruptions on far eastern 
lines : — 

Jlangoon — Penaixg, — September 4, 1886; May 13, 1890. 

Singapore — Penang. — November 20, 1873; August 7, ]87(); November 8, 1876; 
December 20, 1876; July 20, 1877 ; October 19, 1877; September 30, 1878. 

Batavia —Singapore. — March 31, 1873 (?) ; May 20, 1874 (?); August 13, 1874; 
August 18, 1874 ; December 14, 1874 ; September 2, 1875 ; November 6, 1876; May 9, 
1876; June 28, 1876; October 26, 1876; February 27, 1877; September 28, 1877; No- 
vember 9, 1877; January 22, 1878 ; May 2, 1878; August 31, 1878; October 28, 1878; 
December 28, 1878; September 20, 1879; December 3, 1883. 

Port Darwin and Java {Banjoewanji).—iS\mii 21, 1872; April 27, 1876; Novem- 
ber 8, 1877; September 27, 1878; May 29, 1879; July 4, 1879; March 6, 1883; 
March 10, 1883 ; April 6, 1883 ; October 22, 1883 ; June 29, 1888 (two cables broken) ; 
October 10, 1888 (both cables broken); October 22, 1888 (both cables broken); 
July 11, 1890* (three cables broken, one being to Roebuck Bay); February 23. 
1893*; March 22, 1893*; September 27, 1893*; October 26, 1893* (two cables 
broken) ; * October 26, 1893*. 

The horizontal pendulum records are as follows : — 

February 22, 1893. At Strassburg, ll-28h. to ll‘78h. ; also at Nicolaiew. 
Moderate. 

March 20, 1893. At Strassburg, 6-18h. to 6 63h. ; also at Nicolaiew. Mode- 
rate. Origin probably in Zante. 

September 11, 1893. At Charkow, 16h. 13m. to 17h. 50m. 

October 22, 1893. At Charkow, 6h. 63m. to 8h. 14m. 

The two fractures of June 29, 1888, took place 20 and 25 miles south 
by west of Mount Dodo, Sambawa, where depths vary from 734 to 1^130 
fathoms. Sir John Pender, at the ordinary general meeting of the 
Eastern Extension Australasia and China Telegraph Company,^ says that it 
was found that these breaks resulted from ‘ volcanic * action ; and, curiously 

* See Electfician^ November 3, 1893, * Thid.^ October 12, 1888. 
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enougli, when the cables were recovered, all sorts of things, even the roots 
of trees, were found attached to them. The whole thing seemed to be a 
great upheaval of nature. From the same paper, August 20, 1888, we 
learn that these two interruptions took place at points widely separated. 
In Port Darwin time, the fractures took place on June 29, at 10.40 p.m. 
The three interruptions of July 11, 1890, took place, in Banjoewanji time, 
at 1.35 A.M., on a rough, uneven bottom, between Tafel Hoek (Bali) and 
Balarnbangan Point, Java, where the depths vary from 155 to 927 fathoms. 
The duplicate cable was broken in three places, and overlaid about 65 miles 
from Banjoewanji. The three cables run along two sides and near the 
bottom of a gully separating Baly from Java, and are about 7 miles 
apart. They practically broke on one line, and the cause was ‘ volcanic ' 
action.^ In this instance, as in that of June 30, 1888, the submarine 
displacements extended over an unusually wide area ; and,, when we refer 
to a chart, it is seen that at a distance of 9 miles in a south-west 
direction from Tafel Hoek there is a depth of 1,180 fathoms, indicating a 
slope of 1 in 7. 

The only interruptions which can be compared with tlie records of 
horizontal pendulums are the last five, whilst the time of the inter- 
ruption of March 22, 1893, is not known. The mean Greenwich times 
and dates at which the remaining four took place in 1893 are as follows : — 

1. February 22, between 4h. 20m. and IGli 20m. 

2. September 12, 12h 20m. 

3. October 24, 17h. 6m. 

4. October 26, .'5h. Om. 

The conclusion is that only the first of these four interruptions took 
place when an unfelt earthquake was recorded in Europe, but similar dis- 
turbances were noted on September 11 and October 22. 

The following table is a comparison of the days and hours when 
earthquakes were felt in Java, with the times at which cables were 
interrupted : — 


Shoefes felt in Java and Sumatra in approximate 

Dale and G.M.T. of cable- 

G.M.T. (Batavia time — 7 hourii) 

interruptions 

1872, June 16, 12h. to 14h .... 

1876, April 23, lOh. 15m. Sumatra. 

1877, November 3 to 4 

1878, September 21, 19h. 30m. Sumatra 

1879, without records. 

June 21. 

April 27. 

No\ ember 8. 

September 27. 

1883, March 6, 4h, 45m. Sumatra . 

March 5. 

,, October 18, 17h. Om. Banjoewanji 

October 22. 

1888, June 29, 21h, 33m. Batavia . 

June 29, 3h 40m. 1 

,, October 8, 12h. 18m. Series of shock.s 1 
„ „ 9, 12h. 26m. . . . j 

October 9. 

,, „ 21, 12h 5m. Light shock 

October 22. 

J 890, July 10, 16h. 60m. to 19h. 40m. Series of 

July 11, 6h 35ra. 

shocks, some heavy. Java 

1893, February 2.3, 16h. 15m. Java. 

rebruary2.3, 4h. 20m. and 16h. 20m. 

,, March 22, 13h. 32m. Light. Java 
,, September 9, 22h. 67m. Moderate Java 

March 22 (time unknown) 
September 27, 12h. 20m. 

,, October 23, 9h. 53m Fifteen shocks, '| 

very heavy Java [> 

„ October 25. A light shock . . J 

October 25, 17h. 25m. 


‘ 8ee Electrician, October 24, 1890, vol. xxv. 
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For the interruptions of cables on June 29, 1888, and July 10, 1890, 
we have the assurance of those connected with their management that 

A Tabular Arrangement of the Foregoing Interruption. 
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Wished, the number of interruptions which have occurred have been at 
least 245. For certain lines it would appear that fractures were more 
frequent at one season than at others, and that therefore a proper analysis 
of the table or its parts — such, for example, as those to which earthquake 
statistics have been subjected— might lead to the discovery of periodicities 
in cable-interruptions. Unfortunately, because the material in our 
possession is yet so meagre, such discussions must for the present be 
reserved. 

Out of the 245 breaks, 87 of them, each marked with an asterisk, 
occurred at the times when instruments were in operation which would 
record unfelt earthquake etFects. Fifty-eight of the 87 cable-interrup- 
tions occurred at or about the times when Europe was agitated by these 
unfelt movements. The fractures accompanying earthquake, or, as it is 
sometimes called, volcanic movement — which could be felt, and which 
in two instances caused destruction on neighbouring shores — were at 
least 10 in number, which may be raised to 24 by including the Java 
records. In three of these instances, two or three cables were broken 
simultaneously. With the latter the submarine dislocations extended 
over a wide area ; in the Gulf of Corinth great changes in ocean 
depth were brought about, and from this latter place we know the motion 
to have radiated so that a few minutes after the interruptioji well- de lined 
diagrams of earth- waves were obtained at localities 1,000 miles distant, 
at places where no movement could be felt. 

Instances like the latter clearly establish a connection between cable- 
interruptions, earthquake-motion which has been felt, submarine disloca- 
tion, and the records of horizontal pendulums in distant localities. This 
being the case, and because earthquake-motion cannot be felt at great 
distances from its origin, it is reasonable to conclude that the records of 
unfelt earthquakes which approximately coincide in time to those at which 
cables have been interrupted may sometimes indicate that submarine 
geological changes have accompanied seismic efforts. 

Although certain conclusions arrived at in this paper are definite, 
until the materials necessary for analysis can be obtained, others remain 
matters of inference. The records of interruptions for the lines men- 
tioned are, we have reason to believe, incomplete. The horizontal 
pendulum records with which to make comparisons have not only been 
few in number, but, because they are confined to Europe, could only be 
expected to throw light upon disturbances originating at a great distance, 
which were exceptionally large. The records of earthquakes which have 
been felt are confined to an imperfect list for Java, a few from the Medi- 
terranean, and a few reported from the west coast of South America. 
Lastly, the hours, and in some cases even the days, on which cable- 
interruptions have taken place, together with the probable cause of these 
interruptions, are unknown. These latter facts are no doubt to be found 
in the archives of many cable companies, and it would be to the interest 
of all who desire to increase our knowledge of sub-oceanic change if com- 
parisons could be made between the records of unfelt earthquakes now 
published, and the times and circumstances at and under which corre- 
sponding cable-ruptures have taken place. ^ 

* The writer, whose address is Shide Hill House, Newport, I.W., England, would 
be^ glad to receive any information respecting the day, hour, and probable causes of 
failure, connected with cable-interruption. 
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All that it is expected to find is that a certain, and probably a 
small, proportion of these interruptions may correspond in time with 
seismic disturbances ; and, because we know that certain cables have 
been lost by landslips and dislocations accompanying eartlupiake-move- 
ment, it is to be hoped that the expectation may ])e regarded as a 
reasonable conjecture. 

An Attempt to estimate the Frequency of Submarine Dislocations . — 
Tf it can be assumed that the majority of cable-interruptions are due to 
submarine displacements, and not to faults inherent in themselves (which 
are comparatively of rare occurrence), the swaying of suspended sections 
under the influence of waves and currents, the movements of marine 
creatures, the boring of a teredo, and other exceptional causes, then the 
tables which have been given of cable fractures will giv^e some idea of the 
frequency of such displacements. llecause the list of interruptions for 
a number of the lines mentioned are imperfect, and because each cable 
follows a path carefully chosen as not being likely to suffer from sub- 
marine disturbance, the frecpiency of dislocation derived from such an 
assumption is more likely to be a minimum than a maximum. From the 
known number of interruptions which have occurred on sections of given 
length in a given number of years, the following table of dislocation 
frequency per mile of coast per year has been computed. 


( '<( Me Dislocati on 

per Mil 

' per Year. 


Name of cable 



Length in 
nautical 

Number of breaks 



miles 

per mile per 3 ear 

Mollendo — Cborillos , 



.510 

0 002 

Arica — Mollendo 



140 

0 008 

Iquiqiie — Arica . 



128 

0-0040 

Antofagasta — hpiique 



2o0 

0 0000 

Caldera— Antofagastji 



220 

0-0001 

Coquimbo— Caldera . 



215 

0-0000 

Valparaiso— Coquimbo 



210 

0 001 

Santos— Chuy .... 



744 

0 000 

Maldonado — Montevideo . 



72 

0 000 

Chuy— Maldonado 



125 

0 000 

Kio Grande do Sul — Chuy. 



14S 

0 000 

Montevideo — Buenos Ayres 



82 

0 001 

Sta. Catharina—Bio Grande do Sul 



807 

0 0001 

Santos-- Sta. Catbarina 
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0 0005 

Montevideo— Bio Grande do Sul 



840 

, o-oot; 

Chuy — Montevideo 


• 

201 

' 0 001 

Eio de Janeiro— Santos 



228 

o-ooi) 

Bahia — Kio de .laneiro 



708 

0 001 1 

Pernambuco— Bahia . 



401 

0-0080 

Ceara — Pernambuco . 



481 

0001s 

Maranbam— Ceara . 



40S 

! 0-004 

Para — Maranbam 



881 

1 0-008 

St. Thom6— St. Paul de Lonnda 


. 

785 

0 008 

Delagoa Bay — Durban 



848 

0 002 

Mozambique — Delagoa 



071 

0-001 

Zanzibar — Mombasa . 



150 

0 007 

Aden — Zanzibar 



1,014 

0-0008 




10,801 

0 0028 average 
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The coasts taken are the east and west sides of South America and 
Africa. The total length considered representing shores which are 
steep and those which are gently inclined is about 11,000 miles. The 
general result which is reached is that the dislocations per mile per year, 
on the coast-lines considered, which may be taken as having on the 
average a character similar to that of the coast-lines of the world, are 
represented by the number 0*0023, that is to say, there is on the average 
one dislocation for every 434 miles per year. If we increase this number 
to 500 miles, and remember the character of the records and that of the 
paths to which they refer, although we have attributed dll the interrup- 
tions to submarine change, we are inclined to the opinion that the 
•estimate is not too great. This being granted, then, as there are about 
156,000 miles of coast-line in the world, if the same were surrounded by 
loops of cables, although each section might be laid in the most favour- 
able position, more than three hundred interruptions resulting from sub- 
marine disturbance might be expected to occur every year. In deep 
water on a level soft bottom experience shows that a cable may remain 
undisturbed and unchanged for long periods of time, indicating, as we 
have already pointed out, that geological change is proceeding with 
extreme slowness. 

4. Conclusions and Sioggestions for a Seismic Surveg of the World. 

Because earthquake origins are more numerous beneath the sea than 
upon the land, it is fair to assume that the bradyseismical operations 
resulting in the folding, bending, crushing, faulting, and thrusting of rock 
masses are iriore active in the recesses of the ocean than they are upon 
our continents. Sub-oceanic volcanic activity, as, for example, that which 
is met with in the mid- Atlantic, probably indicates the existence of 
bradyseismic movement and a relief of strain. The concentration of de- 
tritus derived from continental surfaces along coast-lines on tracts which 
are comparatively small, indicates that beneath the sea the growth by 
sedimentation is greater per unit area than the similarly estimated loss is 
by denudation on the land. This rapid submarine growth, largely under 
the influence of gravity, but modified by hydrodynamic action, leads to 
the building up of steep contours, the stability of which may be destroyed 
by the shaking of an earthquake, the escape of water from submarine 
springs, the change in direction or intensity of an ocean current, or by 
other causes which have been enumerated. That submarine landslides of 
great magnitude have had a real existence is proved for certain localities 
by the fact that after an interval of a few years very great differences in 
depth of water have been found at the same place, whilst sudden changes in 
depth have taken place at the time of and near to the origin of submarine 
earthquakes (see pp. 193 and 197). Large ocean-waves unaccompanied by 
volcanic action indicate that there have been very great and sudden dis- 
placements of materials beneath the ocean. The most important evidence 
of sub-oceanic change is, however, to be found amongst the archives of 
the cable engineer. The routes chosen for cables are carefully .selected as 
being those where interruptions are least likely to occur ; and yet, as it 
has been shown, something which is often of the nature of a submarine 
landslip takes place and some miles of cable may be buried. Here we 
seem to have proof positive, especially along the submerged continental 
plateaus, of sudden sub- oceanic dislocation. Because these changes are 
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frequent, it is reasonable to suppose that sedimentation and erosion and 
other causes which lead up to the critical conditions are geologically 
rapid. 

Briefly, the foregoing notes and facts indicate that beneath the oceans 
certain important geological changes are more rapid than they are upon 
land, whilst new sources from which information respecting these changes 
may be obtained are pointed out to the student of dynamical geology. 

The more important of these sources are the experiences of the cable 
engineer and the records of seismographs, which are sensitive to unfelt 
movements. When a number of these instruments have been established 
round the world, on the borders of great oceans, and on oceanic islands, 
it is difficult to overestimate the practical and scientific results which will 
follow. 

The greater number of records, as it has been shown, would refer tot 
disturbances which originated beneath the sea. From the times at which 
earth- waves arrived at different stations, as, for example, on the two sides 
of the Atlantic, it would be possible to localise their origins, and in time 
districts would be indicated which it would be well for those who lay 
cables to avoid. Work of this nature has, by means of ordinary seismo- 
graphs, been partially accomplished for J apan, and the seismic maps of 
that country ^ show that sub-oceanic disturbances originating near to the 
coast are herded in groups. Should a trans-Pacific cable be landed in 
that country, to efiect this through the middle of one of these groups 
would be inviting its destruction. 

If we had the means of knowing that when an interruption occurred 
in a cable at the same time an unfelt earthquake had been recorded, we* 
should then be in a position to attribute the fault to its proper cause. 
The practically simultaneous failure of three Atlantic cables in 1884 led 
to the hypothesis that they had been broken by the grapnels of a 
repairing vessel ] fortunately for the owners of this vessel, it could not be- 
substantiated. 

From the ‘Electrician’ of August 20 and October 12, 1888, we learn 
that the simultaneous interruption of the two cables connecting Java and' 
Australia in 1888 cut off the latter from the outside world for nineteen 
days, and gave a pretext for calling out the military and naval reserves to 
meet the contingency of war having broken out. In 1800 three cables 
were simultaneously broken, and telegraphic communication with Australia 
was cut off for nine days. On these occasions, had there been established 
in Australia a proper instrument for recording unfelt movements of the 
ground, it is extremely likely that the cause of the interruption would 
have been recognised as due to seismic action, and the fear of war and the^ 
probable accompanying commercial paralysis would have been averted. 
Other direct benefits, which have already been derived from the records- 
of instruments such as it is here proposed to establish round the world, 
are that they enable us to extend, correct, and even to cast doubt uponi 
certain classes of telegraphic information published in our newspapers. 

Late in June last year we learned from our newspapers that a great 
disaster had taken place in North Japan, and that nearly 30,000 people 
had lost their lives. Seismograms taken in the Isle of Wight not only 
indicated how many maxima of motion had taken place, but showed that 
there had been an error in transmission of two days, the catastrophe 


‘ See Scimological Journal, vol. iv. 
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having taken place on the evening of J une 1 5, so that all who were to 
reach the stricken district after that date were in safety. 

On August 31 of the same year, the Isle of Wight records showed that a 
disturbance similar to that which had occurred in J apan had taken place. 
On account of this similarity, it was stated that we should probably hear 
of a great earthquake having taken place in or near that country on the 
above date at 5.7 p.m. Four weeks later this was verified by mail. 
Another instance occurred some weeks later, when our newspapers an- 
nounced that a great earthquake had taken place and several thousand 
lives had been lost in Kobe. No doubt those who had friends and pro- 
perty in that city were filled with anxiety. On this occasion the Isle of 
Wight instruments were still indicating that nothing of the magnitude 
described could have occurred. Later it was discovered that the telegram 
was devoid of all foundation. 

If wo next turn to the scientific aspect of the proposed investigations, 
we at once recognise the importance of the results which it is hoped may 
be obtained for the hydrographer and the student of physical geography 
and geology. 

The greatest result which it is hoped may be achieved is to accurately 
determine the rate at which earthquake motion is propagated over long 
distances. In .some instances the rates which have already been deter- 
mined are so high, reaching 12 and more kilometres per second, that 
the supposition is, that motion does not simply go round our earth, but 
that it goes through the same ; and if this is so, then a determination of 
these rates of transit will throw new light upon the efiective rigidity of 
our planet. 


Experiments for improving the Construction of Fractiejil Standards for 
Electrical Measurements, — Report of the Committee,, consisting of 
Professor G. Carey Foster (Cholrmon), Mr. R. T. Glazebrook 
( Secretary g),, Lord Kelvin, Lord Rayleigh, Professors W. E. 
Ayrton, J. Perky, W. G. Adams, and Oliver J. Lodge, Drs. John 
Hopkinson and A. Muirhead, Messrs. W. H. Prkece and 
Herbert Taylor, Professors J. I). Everett and A. Schuster, 
Dr. J. A. Fleming, Professors G. F. FitzGerald, G. Chrystal, 
and J. J. Thomson, Mr. W. N. 8iiaw, Dr. J. T. Bottomley, 
Rev. 'J\ C. Fitzpatrick, Professor J. Viriamu Jones, Dr. G. 
Johnstone Stone y, Professor S. P. Thompson, Mr. G. Forbes, 
Mr. J. Rennie, Mr. E. IT. Griffiths, amd JVofessor A. W. 
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AP?TM)IX )-aok 

1. Note on the Comt ant ’Volume GaS’thevmomicter. By G. Cabby Fostek, F./?.N. 210 
II. On a Determination of the Ohm, made in Testing the Lorenz Apparatus of the 
MrOill University, Montreal. By Professor W. E. Ayrton, F.ll S., and 
Professor J. VlBIAMU JoNES, F.lt.S. 212 

At the Liverpool meeting the Committee agreed that the ‘calorie,’ 
defined as the heat equivalent of 4-2 x 10^ ergs, should be adopted as the 
unit for the measurement of quantities of heat, but the question as to the 
exact part of the absolute thermodynamic scale of temperature at which 
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this quantity of heat could be taken as equal to one water -gramme -degree 
was for the time being left open. 

This resolution has made it incumbent on the Committee to consider 
carefully — 

1. The relation between the results of measurements of intervals of 
temperature by accepted methods and the absolute scale ; 

2. The specific heat of water in terms of the erg and its variation with 
temperature. 

With regard to the first point there appears to be no reason to doubt 
that the scale of a constant- volume hydrogen- thermometer is very nearly 
identical with the absolute scale. ^ The Committee have therefore decided 
to recognise the standard hydrogen -thermometer of the Bureau Inter- 
national des Poids et Mesures as representing, nearly enough for present 
purposes, the absolute scale. This convention has at least the advantage 
of giving a definite meaning to statements of the numerical value of 
intervals of temperature within any range for which comparison with the 
hydrogen-thermometer is practicable. If future investigation should show 
that it is inaccurate to any appreciable extent, corresponding corrections 
can be applied when necessary. 

Experience of the use of the platinum resistance- thermometer in various 
hands encourages the hope that it will afford a convenient and trust- 
worthy working method of referring the indications of mercury- or other 
tliermometers to those of the standard hydrogen-thermometer. The Com- 
mittee have consequently much satisfaction in learning that Dr. C. A. 
I barker, formerly of Owens College, is at this moment carrying out at 
Sevres, on behalf of the Committee of the Kew Observatory, and with the 
concurrence of the Director of the Laboratories of the Bureau Inter- 
national, a direct comparison of platinum thermometers belonging to the 
Row Observatory with the standard hydrogen-thermometer of the 
Bureau. 

As to the dynamical value of the specific heat of water — in other words 
the meclianical equivalent of heat — it was pointed out by Professor 
^>chuster and Mr. Gannon in 1894 ^ that the results of the best determi- 
nations by direct mechanical methods agree among themselves much more 
closely than they do with those that are founded upon electrical measure- 
ments of the energy expended, although these in turn are in good agree- 
ment among themselves. Additional significance is given to this remark 
by the comparison of those determinations which, by extending over an 
appreciable range of temperature, indicate the rate of variation of the 
specific heat of water. Of such determinations there is one of each kind, 
that of Professor Rowland by the mechanical method, and that of Mr. 
E. H. Griffiths by the electrical method. The results of the former of these 
have recently undergone an elaborate revision at the hands of one of 
Professor Rowland’s pupils, Mr. W. S. Day,^ who has compared the 
three principal thermometers employed in the experiments with the 
♦Sevres hydrogen -standard by means of three Tonnelot thermometers 
which had been compared at the Bureau with the hydrogen-standard. 
Messrs. C. W. Waidner and E. Mallory^ have also compared two of 

* Sec Appendix No. 1 to this Report. 

* Phil. Traiu., vol. clxxxvi , p. 4(>2 ; Proc. Roy. Soc.y vol. Ivii., p 31. 

* Johns Hopkins University CircularSy pp. 44, 45 (June 1897) ; also Phil. Mag., 
xliv. 169-172. 

< Ibid., pp. 42, 43 (June 1897); Phil. Mag.y xliv. 165-169. 
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Rowland’s thermometers with a platinum thermometer made by Mr. 
Griffiths. The result of this discussion is to leave Rowland’s original 
value unchanged at IS'^, and to raise it by four parts in 4,000 at 25°, 
making the rate of variation of the specific heat of water almost exactly 
the same as that given by Griffiths’s experiments * throughout the same 
range. 

The following table gives the numerical values : — 

Values of the Specific Heat of Water at 15° C. 


1 . By mechanical friction : — 


Author 

Date 

Result 

Joule 

1878 

4172 X 10< ergs. 

Miculescu 

1892 

4181 „ 


Rowland 

1879 

4189 „ 


Reynolds and Moorby 

1897 

ilSSxlO* 1 

mean specific heat 
from 0° to 100° C. 

2. By electrical methods 

- 



Author 

Date , 

Result 

Griffiths 

1893 

4199*7 xl0< 

ergs. j 

Schuster and Gannon 

1894 

4197 „ 


Variation of the Specific Heat of Water. 


Specific Heat 


xenip erasure 

Rowland 

Griffiths 

6 

4204 X 10* 


10 

4197 



16 

4189 „ 

4109*7x10 

20 

4183 „ 

4193*2 „ 

26 

4177 „ 

4187*4 

30 

4173 „ , 



35 

4174 „ i 

— 


Joule’s (1878) result is given by Schuster and Gannon (Proc. Roy. Soc., Ivii. 
p. 31) as 776 foot-pounds at Greenwich per degree Fahr. As Professor Schuster 
has examined the thermometers employed by Joule, this value is adopted as the most 
trustworthy statement of the result of Joule’s experiments : it is reduced to ergs and 
the Centigrade scale. 

Miculescu (^Ann. Chim. Phys. [6], xxvii. 237) states his result as 426 84 kilogramme- 
metres per kilogramme-degree of the normal hydrogen-thermometer between 10° and 
13°. Taking g = 980 96, this is equivalent to 4187 x 10 ergs per gramme -degree. The 
mean temperature 11°'5 has been adopted and reduction to 16° has been made by 
means of the rate of variation given by Rowland’s experiments. 

Reynolds’ and Moorby’s experiments {Proc. Roy. Soc., Ixi.) refer to the whole range 
from 0° to 100°. Their result is stated, in foot-pounds at Manchester and degrees 
Fahr.. as 776*94. To reduce to ergs and the Centigrade scale this number has 
been multiplied by 1*8 x 30*48 x 981*34. 

Schuster and Gannon (Proe. Roy. Soc.^ Ivii. 26-31), 

Rowland’s and Griffiths’ results are quoted from Day {Phil. Mag., August 1897 
p. 171), whose statement is adopted by Griffiths in Nature fot July 16, 1897. ’ 
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The agreement between the separate determinations by the mechanical 
and by the electrical methods respectively, and the regularity of the 
differences between Rowland’s values and those of Griffiths, is such as to 
raise a strong presumption that, in the experiments by both methods, 
errors of observation have been reduced to a very small amount. At the 
same time the difference between the two sets of results points to some 
constant source of error in the measurement of energy affecting one or 
both. The mechanical method is, in principle, so direct and simple that 
it is difficult to suppose its results affected by a constant error. On the 
other hand, the electrical method being less direct and more complicated, 
there is here more room for uncertainty in the data. 

The electrical determinations depend upon the well-known relation 
between thermal and electrical energy, which is expressible in the three 
forms — 

JH=C2R<=CE<=^%. 

Xv 

Schuster and Gannon’s experiments are based upon the second form 
of the equation, those of Griffiths on the third. In both of them electro- 
motive force was measured by comparison with a Latimer Clark’s cell. 
Schuster and Gannon measured, in addition, the strength of their current 
by means of a silver- voltameter, and Griffiths measured a resistance in 
terms of the ohm. 

The accepted value of the electromotive force of the Clark’s cell depends 
in its turn on the electrochemical equivalent of silver as determined by 
Lord Rayleigh and Professor F. Kohlrausch, and consequently it appears 
that the electrical determinations of the mechanical equivalent involve a 
-double reference to the electrochemical equivalent of silver, so that any 
inaccuracy in the adopted value of this quantity would involve a duplicate 
<?rror in the value of the mechanical equivalent deduced therefrom. 

In this connection it may be mentioned that, in a recent letter to 
* Nature,’ vol. Ivi, p. 292, Lord Rayleigh has stated that he does not 
<!onsider that a possible error of one part in 1,000 is excluded from his 
determination of the electrochemical equivalent of silver. If it be 
assumed that his value is one part in 1,000 too small, this would almost 
exactly account for the difference between the electrical determinations 
into which this quantity enters as a factor and the direct mechanical 
•determinations. 

It thus appears to be a matter of urgent importance that a redeter- 
mination of the electrochemical equivalent of silver should be made, and 
that the general question of the absolute measurement of electric currents 
.should be investigated. In order to enable them to carry out this investi- 
gation, the Committee have decided to ask for reappointment and to apply 
for a grant of 100/. towards the expense of the necessary apparatus and 
^experiments. 


1897. 


p 
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APPENDIX I. 


Note on the Constant-.volume Gas-thermometer, 
By G. Carey Foster, F.R.S, 


The absolute thermodynamic scale of temperature introduced by Lord 
Kelvin is connected with the properties of real fluids by the equation * 


T 


dv 



(i> 


where dv is the infinitesimal increment which unit mass of a fluid occupy in 
the volume v undergoes when it is heated, under constant pressure, from 
the absolute temperature T to the infinitesimally higher absolute tempera- 
ture T + cTP, and 8w is the amount of work required to restore the original 
temperature of unit mass of the fluid when it has undergone a fall of 
pressure, Sp^ by passing through a porous plug, as in J oule and Thomson’s 
experiments, without loss or gain of heat. 

It follows that, if there is any fluid whicli does not undergo a change 
of temperature when forced through a porous plug, an infinitesimal change 
of temperature is to the total temperature on the absolute scale as the 
resulting change of volume of this fluid is to the total volume. Such a fluid 
would be called a perfect gas. 

The following discussion of the bearing of the results of the porous- 
plug experiments on the iiidications of a constant- volume gas-thermometer 
is taken from a copy which the writer made in January 1894 of a fuller 
discussion of these experiments communicated to him by his friend and 
former pupil, Mr, John Rose innes. Mr. Rose-Tnnes will shortly read a 
paper on this question before the Physical Society of London. In the 
meantime the writer has his permission to make the present use of his 
hitherto unpublished results. 

It will be remembered that Joule and Lord Kf3lvin found that all the 
gases they experimented on were, with the exception of iiydrogen, slightly 
cooled by being forced through the plug. With hydrogen the effect was 
smaller than with other gases and was a rise of temperature. At a given 
temperature the cooling effect was, up to five or six atmospheres, propor- 
tional to the difference of pressure on opposite sides of the plug. For a 
given change of pressure the effect decreased with rise. of temperature, 
and Joule and Lord Kelvin concluded that it was approximately propor- 
tional to the inverse square of the temperature reckoned from — 27r>° C. 
With hydrogen the variation with temperature was too small for them to 
consider it as clearly established ; if anything the effect became greater as 
the temperature rose. 

Mr. Rose-Innes’s discussion of these results is founded upon his 
remark that an empirical formula with two constants, a and /3, namely 


6 = 


273 + i 


• Compare equation (16) of Lord Kelvin’s article ' Heat ’ in the Encyclopcvdia 
Britannica, vol. xi. p. 571 ; Mathematical and Physical Papers^ vol, iii. 
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where 0 is the cooling effect and t temperature on the ordinary centigrade 
scale, represents the experimental values rather more accurately than the 
inverse-square formula. The values of a and /3 calculated by him for air, 
carbonic acid gas, and Iiydrogen, the change of pressure being represented 
by 100 inches of mercury, are as follows : — 


a $ 

Air . , . 441-5 -0 697 

Carbonic Acid . . 261 5 — 4 9S 

Hydrogen . , , 64-1 — -331 

To apply equation (1) to the discussion of the gas- thermometer, we 
may begin (like Joule and Kelvin) by expressing the work hv, required 
to restore the gas to its initial condition, in terms of the observed cooling 
effect, and may write 

c*to=JC0=Jc(" +/3). 

where J is the mechanical equivalent of heat and C the specific heat of 
the gas under constant pressure. If we remember that J may be written 
J=W /rnd'j where W is the work that must be spent to raise the tempera- 
ture of a mass in of water by the amount o', we see that the thermometric 
scale on which 0 and d' are expressed is of no consequence, provided it is 
the same for both. 

Putting IT for the change of pressure producing a cooling effect 0, wo 
may write equation (1) thus, taking reciprocals of both sides : 



or, dividing throughout by T^ and integrating between limits T and 
infinity — 

With regard to the first term on the right, it may be remarked tliat 
all gases appear to appi'oximate more and more nearly as temperature 

rises to agreement witli the equation (a constant). Applying this 


to (3), we get 


or. 


P T II V 
RT JC 



(^) 


Neglecting, provisionally, the Joule- Kelvin effect, we have, as a first 
approximation, 


RT 


and we may take this value as accurate enough for use in the small term 
containing p on the right-hand side of (4). 
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We thus get, as a second approximation to the value oi p — 

Now let V remain constant, and let To and Ti represent pressure 
and temperature at the melting-point of ice and at the boiling-point of 
water respectively ; we then get 




By subtraction 


and 


Hence 


/R RJC/3\ .p . 




Tj^To 
Pi- Pa Ti-Tc’ 


or, finally, if we assume 100 as the numerical value of the interval Tj— Ty 


T-To=100 

Pi-Po 

whence we may conclude that, to the degree of approximation attained in 
this calculation, the scale of the constant volume gas-thermometer is 
identical with the absolute thermodynamic scale. 


APPENDIX II. 

' On a Determination of the Ohm made in Testing the Lorenz Apparatus 
of the McGill University, Montreal, hy Professor W. E. Ayrton, 
F.R.8., and Professor J. Viriamu Jones, FM.S. 

This apparatus, made by Messrs. Nalder Brothers, is in general arrange- 
' ment and dimensions similar to the Cardiff apparatus described in the 
‘Philosophical Transactions of the Royal Society,* 1891, A, pp. 1-42, and 
in the ‘ Electrician,* June 1895, vol. xxxv. pp. 231 and 253. 

The field coil, in pursuance of a suggestion contained in the Royal 
Society paper, consists of a single layer of wire wound in a helical groove 
of semicircular section, cut in the cylindrical surface of a massive marble 
rii)g of about 21 inches outside diameter, 15 inches inside diameter, and 
fi inches thick. This helical groove has 201 complete turns with a pitch 
of 0 025 inch. Bare wire, of mean thickness 0 021 36 inch, was first used, 
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and the outside diameter of the coil so wound was measured in the 
Whitworth machine with the follov/ing results : — 


Diameter 

Near front face 

Near middle 

Near back face 

0°-180° 

21 04772 

21*04765 

21*04765 

10° -190° 

21*04795 

21*04765 

21*04952 

20° -200° 

21*04768 

21*04755 

21*01905 

30° -210° 

21*04805 

21-C4745 

21*04818 

40° -220° 

21*04786 

21*04755 

21*04825 

50° -230° 

21*04808 

21 04730 

21*04812 

00° -240° 

21*04752 

21*04755 

21 04805 

70° -250° 

21*04755 

21*01755 

21*04822 

80° -260° 

21 04785 

21*04795 

21-04895 

00° -270° 

21*04812 

21*04780 

21*04942 

100° -280° 

2104805 

21*04815 

21*04925 

110° -290° 

21*04808 

21*04825 

1 21*04898 

o 

O 

o 

CO 

1 

o 

O 

<M 

21*04785 

21*04840 

1 21*04905 

130°-310° 

21*04828 

21*04835 

21*04915 

140° -320° 

21*04828 

21*04815 

21 04908 

150° -330° 

2104805 

21*04805 

21*04932 

100° -340° 

21 04872 

21*04795 

21*04858 

170° -350° 

21*04778 

21*04786 

21*01812 

1 


Mean 21 04797 

21 04784 

1 21*01872 


General mean = 21*04818 inches. 


The temperature, which was taken at each observation, varied between 
19° *9 C. and 21° C., and had a mean value of 20° *4 C. Correcting for the 
difference l:)etween the teinpeiature at whicli the bars of the Whitworth 
machine have their specified value and this mean temperature, we have 
for the mean outside diameter of the coil, when wound with bare wire 
0*02136 inch thick, 

21*04932 inch at 20°*4 C. 

From the above measurements it is clear that the wire lay on a very 
true circular cylinder. With bare wire, however, of the thickness used it 
was found impossible to obtain sufficient insulation between pairs of 
convolutions. Hence, after much time had been spent in endeavouring to 
insulate the successive turns by forcing paraffin wax in between them, &c., 
the coil was unwound and rewound with double silk covered wire which 
had been first dried, then drawn through paraffin wax, and lastly baked 
before the winding was commenced. To wind so large and heavy a ring 
was not an easy matter, and it was not until the winding had been 
performed three times that the layer looked sufficiently uniform and quite 
free from abrasion of the silk. 

The mean thickness of the double silk covered wire used in the last 
winding was 0*01914 inch, so that the outside diameter of the wound 
coil, calculated from the value given above for the coil wound with bare 
wire, was 

21*04488 inches at 20° *4 C. 

The coil was then brushed over with melted paraffin wax, bound round 
with silk ribbon that had been soaked in a solution of shellac, and finally 
loosely covered up with a wide silk ribbon that had been passed through 
paraffin wax. 
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During the time that the ring was unwound the linear coefficient of 
expansion of the marble was measured by Messrs. Spiers, Twyman, and 
Waters, three of the students of the City and Guilds Central Technical 
College. The experiment was attended with difficulty, for it was far from 
easy to bring so large a mass of a badly conducting substance to the 
same temperature, but ultimately the result 0*000004 per 1° C. was 
obtained. 

At the conclusion of the resistance observations recorded further on, 
the silk ribbons and the protecting layer of paraffin wax were carefully 
removed until the silk covering of the wire appeared, and the diameter of 
the coil was measured along two directions at right angles to one another. 
The maximum difference between four measurements was only five 
hundred-thousandths of an inch, and after the introduction of the proper 
temperature corrections, the mean value of the outside diameter of the 
coil was found to be 

21*040)87 inches at 20°*4 C. 

This result is about one part in ten tliousand larger than the calcu- 
lated value given above, and the difference is probably due to the silk 
covering of the wire having swollen slightly when the wound coil was 
brushed over with melted paraffin wax. In the calculation, therefore, of 
the coefficient of mutual induction we have considered it more accurate 
to use the value obtained by direct experiment. Subtracting from that 
value — 21*04687 — the thickness of the double silk-covered wire — 0*01914 
— we have for the mean diameter of the coil from axis to axis of the wire 

21*02773 inches at 20^*4 C. 

Shortly before the last set of resistance measurements was carried out, 
the edge of the phosphor bronze disc was ground in position so as to be 
made quite true with the axis of rotation, and immediately after the com- 
pletion of the investigation the diameter of the disc was measured and 
found to be 13*01435 inches at 19°*5 C. Messrs. Spiers, Twyman, and 
Waters had previously determined its linear coefficient of expansion to 
be 0 00001 25 per 1° C., so that its diameter was 

13*01451 inches at 20"’*4 C. 

During 1896 Mr. W. G. Rhodes, when he was an Assistant at the 
Central Technical College, carried out the long calculation of the co- 
efficient of mutual induction between the coil, as wound with bare wire, 
and the disc by using the method given in the paper in the ‘ Philosophical 
Transactions ’ above referred to, and with the following values : — 

Diameter of coil or 2 A =21*02673 inches. 

Diameter of disc or 2 a =13*01997 inches. 

Axial length of helix or 2 jc =5*025 inches. 

Number of convolutions or 71=201 

He found 

M=18056*.36 inches. 

= 45862*33 centimetres. 

This calculation was checked by Mr. Mather and independently by 
one of the authors. 

Now it can be shown that for the above values of A, a, x, and n 


M 


=1*246 


dA 

A 


+ 2*348 


da 

a 


+ 0*0997 


dx 

— , 

X 
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and so the value of M for the particular values of 2 A and 2 a given 
above, viz. 21 02772 and 13*01451 can be calculated. When this is done 
we find 


M=:18037-51 inches. 

=45814*45 centimetres. 

and this was the value of M which we employed in our final determina- 
tion, after allowance had been made for the effect of the central brush, as 
will be described further on. 

The accuracy of the preceding calculations was tested in the fol- 
lowing way. Values of 2 A and 2^f, differing sliglitly from those em- 
ployed by Mr. Rhodes, were selected, and by means of the formula for 

the proportional change in M was determined by Mr. Twyman. Then 

the value of M for these changed values of 2 A and 2 a, was calculated by 
the authors from a new formula involving an elliptic integral of the third 
kind. * 

The centre brush consists of a tube, 0135 inch outside diameter, 
which projects into aji axial hole in the disc of 0*144 inch diameter. 
Contact with the edge of the disc is made by three small tangential 
phosphor bronze tubes lightly pressed on it, at points separated by 
angular distances of 120 . Through all four tubes a small stream of 
mercury is kept flowing, as this is found to greatly diminish the disturbances 
caused by variations in the thermo-electric eflects ; and the employment 
of three brushes at the circumference, as suggested by Rowland, eliminates 
small errors due to imperfect centering of the coil and disc. 

To prevent the mercury which drops out of tlje central tube-brush 
touching the disc at a larger radius than thai of the hole in its centre an 
ebonite boss is cemented to the disc, and this causes the mercury to drop 
^Lway quite clear of the metal of the disc. 

If we take as the effective outside diameter of the central tube 0*139 
inch, that is the mean of 0*135 and 0*144 inch, calculation shows that tho 
coefficient of mutual induction is reduced by 4*50 cerdimetres, so that 
finally we have 

M= 45809*95 centimetres. 

As the allowance for the central brush only diminishes M by one part 
in ten thousand it is clear that, for that degree of accuracy, an error of a 
few per cent, in estimating the diameter of the central brush is of no 
consequence. 

The method of making the observations was the same as that described 
in the papers on the Cardiff apparatus read before Section A of the British 
Association at Nottingham and Oxford {vide Report of the Committee 
on Electrical Standards, Appendices 1893 and 1894). The use of an. 
extremely sensitive Ayrton-Mather galvanometer of the d’Arsonval type 
materially facilitated the readings being taken. Two such narrow coil 
galvanometers were specially constructed by Mr. Mather himself for use 


‘ An account of this new formula as well as of that for - 


an 


M 


lisbed by Professor Viriamu Jones. 


will shortly be pub- 
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“with the Lorenz apparatus, and the data of the second instrument ar^ 
contained in the following table. 


Resistance of suspended coil .... 

„ coil and suspension 

Periodic time of complete swing 

Scale distance actually used 

Deflection in divisions at actual scale distance 
used 

Deflection in divisions at scale distance equal to 
2,000 scale divisions 


1-9 ohms. 

6-75 .. 

7*6 seconds. 

1412 millimetres. 

1340 scale divisions. 
137 per micro-ampere. 
23-8 „ micro-volt. 

204 „ micro-ampere. 
36*8 „ micro-volt. , 


The resistance coils used were those previously employed in the Cardiff 
determination of the ohm (vide Report of the Committee on Electrical 
Standards, Appendices IT. and III., 1894). They have been tested once 
by Mr. Glazebrook, and twice by the kindness of Major Garde w in the 
Board of Trade Electric Standardising Laboratory, with the following 
results : — 


Coil. 

A. 

Mr. Glazebrook, 
Jan. -March 1894. 

B. 

Board of Trade, 
November 1896. 

C. 

Board of Trade, 
August 1897. 

No. 3,873 
.. 3,874 

M 4,274 

M 4,275 

9*9919 atl4°*8C. 

9*9926 atl4°*9C 
•100050 at 16°*2C. 
•100053 at 15°*2C. 

9*992994 at 14‘'*8C C. 
9*993213 at ]4°*91 C. 
•1000595 at 14°*77 C. 
•1000722 at 15^*14 C. 

10 00712 at 19^ 3 0. 

10 00775 at 19° -3 0. 
•100078 at 19°*4 C. 
*100081 at 19°*4 0. 


The coils Nos. 3,873 and 3,874 were stated by the makers, Messrs. 
Nalder, to be wound with platinum silver wire, and the two others, Nos. 
4,274 and 4,275, with nianganin. 

In the following table are given the temperature coefficients as 
supplied originally by the makers, and as calculated from the tests A and 
C, and B and C. 


Temperature Coefficients of Resistance per 1° C. 


Coil. 

As supplied by 
Messrs. Nalder. 

From tests 

A and C. 

From tests 

B and C. 

No. 3,873 

0000276 

0 0003G0 

0*000318 

„ 3,874 

0*000300 

0 000344 

! 0*000331 

„ 4,274 

u 0000127 

00000G07 

i 0 0000399 

» 4,275 

0 0000127 

0 0000667 

0 0000207 


These figures show that a redetermination of the temperature co- 
efficients, which we are now carrying out, is necessary. 

Fortunately the last set of determinations of the resistance of these four 
coils was carried out at Westminster, within a fortnight of the completion of 
our absolute measurements, and we are much indebted to Major Cardew 
for his kind promptness in the matter. The temperatures of these 1897 
Board of Trade measurements were so nearly those of the coils during 
our final absolute determinations, which were from 18°*8 to 19°‘4 C., as 
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to render the effect of possible errors in the temperature coefficients 
negligible to the degree of accuracy aimed at by us. We have, therefore, 
used the August 1897 Board of Trade values for these coils as transmit- 
ting the Board of Trade ohm to the laboratory in Exhibition Road. 

The standard thermometers used in the investigation were sent to 
Kew and their errors were determined at the time by the kindness of 
Dr. Chree ; also, thanks to Sir J. Norman Lockyer, the clock in the 
Mechanical Department of the Central Technical College, which trans- 
mitted seconds to the fast running Bain Chronograph, was frequently 
timed by reference to the current sent hourly to his room from the 
General Post Office, and at 10 a.m. from Greenwich. 

The results of successive measurements of the absolute resistances 
became very concordant after, little by little, various possible causes of 
small errors had been eliminated. Nine sets taken on July 30, 1897,^ 
gave the following results for the value of the Board of Trade ohm ia 
true ohms, without allowance for the error in the clock rate. 


1*000286 

1*000277 

1*000256 

1*000306 

1*000285 

1-000284 

1*000351 

1-000307 

1*000295 


Mean 1-000294 


or, since the clock was found to lose, during the daytime, at the rate of 
three seconds per twenty-four hours, it follows that according to this 
investigation 

1 Board of Trade ohm = l’00026 true ohms. 


It is important to consider in which direction this result will be 
affected by sources of error that cannot be removed by careful adjustment, 
centering, <fcc. They may be classified as follows ; — 


Source of Error. 

1. Over-estimation of tlio diameter of the coil arising, 

for examine, from the stress on the copper wue 
having eaused it to compress the under side of its 
silk covering. 

2. Under-estimation of the diameter of the phosphor 

bronze disc from a neglect of the tips of the cii- 
cumferential brush tubes being possibly puslied 
away from the disc by the stream of mercury 
issuing, &c. 

3. Presence of iron pipes, girders, &c. in the neighbour- 

hood of the apparatus, 

4. Traces of iron in the phosphor bronze disc. 

6. Defective insulation between the support of the 
central brush and the supports of the circum- 
ferential brushes. 

6. Defective insulation between the convolutions on the 

coil. 

7. Traces of iron in the marble ring. 


E fleet Prodmeod. 
Result would be to«>- 
small. 


Result would be too 
small. 


Result would be too 
small. 

Result would be very 
slightly too small. 

Result would be too 
large. 

Result would be too 
large. 

Result would be too 
large. 
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Effect would depend 
upon the position of 
the leaks. 

No effect, for the current 
through the field coil 
was periodically re- 
versed. 

As regards 4 and 7, special induction balances were constructed and 
used by Mr. Mather to test the permeability of both the marble ring and 
the phosphor bronze disc ; but, although a deviation from unity of one 
part in fifteen thousand could have been detected in the permeability of 
cither, no such deviation was observed. 

As regards 5 and 8, careful tests were made every day of the 
insulation resistance of the apparatus, and it was always found to be 
greater than one thousand megohms. 

6. The insulation between the adjacent convolutions of wire could not 
be measured when they were silk covered and buried in paraffin wax, 
since a small leak between a pair of turns would not change the apparent 
resistance of the copper coil by as much as the variation in temperature 
of a fraction of one degree. We had, therefore, to content ourselves with 
the precautions, previously described, which were taken to secure high 
insulation in the winding of the coil. 

When the ring was wound with bare wire it was possible to roughly 
compare the insulation resistance between pairs of convolutions by 
sending a constant current through the coil and measuring, very 
accurately, the P.D. between every adjacent pair of the 201 turns. This 
we did .several times, but it was a long and laborious task. 

When constructing a new Lorenz apparatus it will be well to consider 
whether two separate helices should not be cut in the cylindrical surface 
of the marble ring in which two independent bare wires would be bound, 
a turn of the one being everywhere (except at the extreme ends) between 
two turns of the other. The insulation resistance, therefore, between 
the two windings would measure the insulation between the adjacent 
turns, while in the ordinary use of the apparatus the two windings would 
be joined in series so as to constitute a single coil. In this way it may 
be possible to be more sure of the absence of 6 than by using paraffined 
double silk covered wire, and at the same time, to entirely remove 1. 

The direction of our experimental result, which shows that the Board 
of Trade ohm is between two and three parts in ten thousand larger than 
the true ohm could not, however, arise from 1. Nor could it arise from 
either 2 or 3, still many experiments were made to detect any evidence 
of the eflfective diameter of the disc being larger than its true diameter, 
as measured in the Whitworth machine. But no change in the pressure 
of the circumferential brush-tubes, nor alteration in the shape of their 
ends, &c., indicated that, with the brushes as we employed them, the 
effective diameter of the disc differed from its true diameter. 

Our thanks are due to the three students whose names are given above 
for much assistance in carrying out the long series of observations ; to Mr. 
Harrison for bringing to bear, from time to time, the experience that he 
had previously gained in the u.se of the Lorenz apparatus ; and we are 
especially indebted to Mr. Mather for the suggestive aid which he rendered 
us throughout the whole of the present investigation. 


8. Defective insulation of parts of the circuit from one 

another. 

9. Permanent magnetic field at the apparatus. 
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MeAeorolo(jic(d (JJtserrfdiotbs oji Ben Nevis.-’ — Re^^ort of the Commifiee^ 
conslAuKf of Lord McLaren, Professor A. Cjium Bj{OWN (Hecre- 
tar I /). Dr. John Murray, Dr. Alexander IUichan, and Professor 
R. COFELAND. (Dratru vp hif Dr. BuCHAN.) 

The Committee was appointed, as in former years, for the purpose of 
co-operating with the Scottish Meteorological Society in making meteoro- 
logical observations at the two Ben Nevis Observatories. 

The hourly eye observations by night as well as by day have been made 
witli the utmost regularity by Mr. Angus Rankin, the Acting Su2:)erin- 
tenclent, and the assistants during the year. The continuous registrations 
and other observations have been carried on at the Low Level Observatory 
at Fort William with the same accuracy and fulness of detail as heretofore. 

The Directors of the Observatories tender their best thanks to Messrs. 
A. J. TTerbertson, T. S. Muir, A. Drysdal6, M.A., B.Sc., P. S. Hardie, 
George Ednie, and John S. Begg, for the invaluable assistance rendered 
by them as volunteer observers during the summer and autumn months, 
thus giving much needed relief to the members of the regular observing 
staff. 

Table I. shows foi’ the year 1806 the mean monthly and extreme 
pressures and temperatures ; amounts of rainfall, with the days of rain, 
and the number of days when the amount exceeded one inch ; the hours of 
sunshine ; the mean percentage of cloud ; the mean velocity of the wind in 
miles per hour at the top of the mountain ; and the mean rainband at both 
observatories. The mean barometric pressures at Fort William Observa- 
tory are reduced to and sea level, but those at the Ben Nevis 
Observatory are reduced to ‘12° only. 

Table I. 


18!)G 

Jan. 

I’('b. 

M.iicb^ April 

May 

1 .June 

Jul> 

1 Aug. 

1 Sept. 

I Oct. 

Nov. 

Dec. 

Year 





Mean Pre.^sure in Inches. 






Ben Nevis Ob- 

25*5341 25-50' 

1 25-021 

1 25-443 

1 25-711 

25-4 1C 

2.V451 

1 25-4GO' 25-172 25-127; 25-488 

1 25 077 

25 3G7 

servatorv 


1 












Fort Willi.im 

.)0 17< 

JO Mo! 29*.597 

30-045 

1 30-261 

29-89( 

29-9.5f 

< 29-97 

i 29-646 29-701 30-005 

I 29-66 

29-929 

Diflercnce.s . 

4-61 

; 4*():!Ji l*57t 

1 4-GOl 

1 4-55r 

4-4 8t 

4-491 

1 4-5141 4-17 

1 4-5771 4-G04 

1 4-584 

4-602 





Mean Temperatures. 






Ben Nevis Ob- 

o 

2S-2 

281 

23'2 

2'M 

.38°9 

4 FI 

49°5 

2H'G 

ST’O 

1 o 

! 2(. 7 

29'^9 

25°2 

32*4 

Borvatory 
Fort Wilham 

41*3 

43*1 

41-.5 

40 7 

53 8 

56-2 

66-7 

.56-4 

5J-1 

1 

42 6 

43 3 

39-1 

47-8 

Differences . 

13*1 

15*3 

lG-3 

17-3 

14-9 

l.Vl 

lG-2 

16-8 

16-1 

16 9 

13-4 

lJ-9 

15-4 




Extremes of Temperature^ Maxima. 
















n 

o 

o 

BenNevisOb- 

42*0 

38 i) 


44-8 

53 2 

61 3 

62-9 

60 0 

48 7 

43-0 

39-8 

89-1 

61-3 

Bcrvatory 
Fort Wi Ilium 

55 0 

52-0 

52-1 

GO-G 

7.5-2 

78-0 

70 3 

67-0 

67 4 

67 3 

62-2 

61*7 

78-6 

Difft'ronces . 

i 13-0 

13*1 

14 9 

15-8 

22 0 

17-3 

17 4 

17 0 

18 7 

14-3 

12-4 

12-6 

17-3 




Extremes of TemperaUcre^ Minima. 





Ben Nevis Ob 



n 



o 


O 


1 o 

0 1 

0 


I 11*2 

' 1G*8 

15-6 

19-4 

20-2 

30-9 

31-3 

29-9 

27-3 

14-4 

IGO 

11-8 

14°2 

servatorv 
Fort William 

25*5 

83*6 

27-6 

,80-2 

34-7 

46-3 

42-4 

40-0 

35-4 

26*9 

24-7 

22-6 

22-6 

Differences 

11*3 

16*8 

12-1 

10-8 

14-5 

16-4 

11-1 

10-1 

8-1 

11-5 

8-7 ] 

7-8 

8 4 1 
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Table I. — continued. 


1896 

1 Jan. 

1 Feb. 

|Maroh| April 

1 May 

1 June 

1 July 

1 Aug. 

1 Sept. 

1 Oct. 

1 Nov. 

1 Dec. 

1 Year 





1 

Rainfall in Irushes. 






BenNevisOb- 

16*20 

IMS 

19*55 

10*04 

2*91 

9*74 

6*87 

11*01 

10*78 

13*07 

9*77 

12*47 

133*56 

servatory 
Fort William 

9*60 

8*26 

10*64 

3*66 

1*27 

6*05 

3*96 

6*29 

7*01 

5*55 

4*68 

8*63 

74*49 

Diifereuces 

6*70 

2*89 

8*91 

6*39 

1*64 

4*69 

2*91 

4*72 

3*77 

7*52 

5*09 

3*84 

59*07 




Number of Bays 1 in. or ? 

more fell. 





BenNevisOb- 

5 

4 

7 

3 

1 

3 

2 

1 ^ 

3 

5 

3 

5 

44 

servatory 














Fort William 

3 

3 

2 

0 

0 

0 

0 

2 

1 

1 

0 

4 

16 

Differences . | 

2 


6 

3 

1 

3 

2 

1 

2 

4 

3 

1 

28 





Number of Bays of Bain. 






Ben NevisOb- 

23 

17 

26 

26 

12 

20 

21 

24 

22 

26 

18 

24 

259 

servatory 
Port William 

24 

18 

24 

22 

7 

20 

18 

21 

21 

2 . 

17 

24 

2.37 

Differences . 

-1 

-1 

2 

4 

5 

0 

3 

3 

1 

5 

1 

0 

22 




2 

^ean Bainband {scale 0-8). 






BenNevisOb - 1 

1*9 1 

2*4 

2*7 

1*8 

1*9 

2*4 

33 

2*8 

2*7 

2*0 

1*6 

17 

23 

servatory 
Fort William 

3*6 

3*8 

3*9 

3*5 

3*8 

4*4 

4*6 

4*5 

5*4 

3*4 

3*.5 

3*5 

40 - 

Differences . 1 

1*7 1 

1*4 

1*2 

1 7 

1 9 

20 

1 3 

1*7 

2*7 

i 1 4 

1*9 

1*8 

1*7 




Numbei' of Hours of Bright SunsJ 

iuc. 





Ben Nevis Ob- 

3 G 

33 1 

30 

33 

222 

79 

90 

81 

29 

41 

69 

23 1 

75 G 

servatory 
Fort William 

17 

28 

85 

93 

231 

129 

135 i 

1.31 

74 

71 

25 

17 

1,036 

Differences . 

-19 

-5 1 

55 

60 

9 

50 

45 1 

50 

45 

30 

-34 

-G 1 

280 



J 

fcan Hourly Velocity of Wind in 

Miles, 





BenNevisOb- ] 

! 11 I 

12 j 

13 1 

11 

13 

6 


9 

13 1 

16 

13 

18 

1 12 

servatory | 

1 i 

1 

1 






1 




1 




Mean Percentage of Cloud. 






Ben Nevis Ob- 

80 

86 

92 

92 

6 G 

89 

86 

87 

91 

84 

70 

I 

83 

servatory 
Fort William 

82 

87 

77 

80 

54 

78 

83 

80 

80 

70 

74 

76 

77 

Differences . 

-2 

-1 

15 

12 

2 

11 

3 

7 

11 

14 

-4 

|__ i_o i 

6 


At Fort William the mean atmospheric pressure for the year, at 32^^ 
and sea level, was 29*929 inches, and at the top reduced only to 32'*, 
25*367 inches, being respectively 0 082 inch and 0*071 inch above tho 
averages. The difference for the two Observatories was thus d*562 inches, 
being only very slightly more than the average difference. At the top of 
the mountain the absolute maximum pressure for the year was 26*252 
inches, occurring at 10 a.m. of January 9, which is the highest yet 
observed since the Observatory was established in 1883. At Fort William 
at the same hour the pressure was 30*102 inches, also the highest hitherto 
noted there. 

The barometric observations at this time will be long remembered 
as having been in all parts of the British Islands absolutely the highest 
hitherto recorded in each locality since barometers began to be in use. 
In the morning of January 9, a broad belt of low temperature stretched 
across Scotland from the Lewis to the Lothians, and it was within this 
low temperature area that the absolutely highest readings of the barometer 
were made. At several stations in the counties of Stirling, Dumbarton, 
and the west of Perthshire, the sea- level readings rose to or slightly 
exceeded 31*100 inches, the absolute highest of all being 31*108 inches at 
Ochtertyre. It is remarkable that it was at Ochtertyre that the lowest 
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barometric observation hitherto made occurred, that observation being 
27 333 inches, thus giving the range of 3-775 inches, a range which future 
observation is not likely to increase. The weather at the time was strongly 
anticyclonic, as the subjoined extracts from the Observatories show ; — 


Table II. 


Top of 


Fort 


Dry bull» 




Ben Nevis. 

. 29-0 

William, 

26°7 

Wet ditto 




. 21 a 

26 4 

Cloud 




. 0 

10 

Wind 

Sunshine, 9 to 10 




ENE2 

60 min. 

none 


The differences from the mean monthly pressures greatly exceeded the 
average in January, February, May, July, August, and November, those 
for January and May being greater than any that had occurred for the 
previous forty years, and in these months accordingly relatively high 
temperatures ruled on the top of Ben Nevis. 

The following Table shows the deviations from the mean temperatures 
of the months from the respective averages : — 


Table III. 





Port 

Top of 




William. 

Ben Nev 




o 

O 

January . 



. 2*6 

4-4 

February 



. 41 

4-2 

March 



. 1*4 

1.4 

April 



1*3 

1-9 

May 



41 

5-6 

June 



. M 

21 

July 



. -0-2 

0-2 

August . 



. -0-9 

-1*2 

September 



. 0-4 

-0-9 

October . 



. -41 

-43 

November 



. -04 

1*9 

December 



. -0*6 

0*2 

Year 



. 0-9 

10 


Thus it is seen the temperature at the top of Ben Nevis was relatively 
much higher than at Fort William in January, May, and November, when 
well developed anticyclones were of most frequent occurrence. 

During the first half of the year temperature was above the average 
at both Observatories, the mean excess at Fort William being 2°*4 and at 
the top of Ben Nevis 3° -3. On the other hand, during the second half of 
the year the mean temperature was P'O under the normal at Fort 
William, and 0°-8 at the top of Ben Nevis. The two extreme months 
were February, when mean temperature was fully 4°-0 above the normal, 
and October, when it was fully 4°-0 under it at the two Observatories. 

The absolutely highest tempei-ature recorded during the year was 79°-9, 
on June 14 at Fort William, and 61°3, also on June 14, at the top of Ben 
Nevis. The absolutely lowest temperature was 22°*0 on December 18 at 
Fort William, and at the top 14°-2 on January 23. The minimum 
lomperaturos are exceptionally hijrh for both places. At the top of the 
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mountain 14°*2 is the highest minimum temperature of any year since the 
Observatory was established. 

As regards extremes of temperature the difference between the two 
maxima was greatest in May, when it was 22° *0, and least in December, 
when it was 12°*6 ; and the difference between the two minima was 
greatest in February, when it was 16°*8, and least in December, when it 
was only 7°’8. 

The registrations of the sunshine recorder at the top sliow 756 hours 
out of a possible 4,470 hours, being 61 hours more than in 1895. This 
equals 17 per cent of the possible sunshine. The maximum was 222 hours 
in May, being the highest hitherto recorded in any month except in J une 
1888, when the number of hours of clear sunshine was 250. The 
minimum was 23 hours in December, no higher monthly minimum having 
yet been recorded in any year. At Fort William the number of hours for 
the year was 1,036, being 96 hours fewer than in 1895. This great 
difference in favour of the top was due to a greater prevalence of anti- 
cyclones during 1896, when clearer weather prevails at the top than at the 
foot of the mountain. The maximum was 231 hours in May and the 
minimum 17 in January and again in December. As the number of 
hours of possible sunshine at Fort William is 3,497, the sunshine of 1896 
was 30 per cent, under the possible. 

In the subjoined Table are given for each month the lowest hygro- 
metric readings : — 


Table IV. 


- 

Jan. 

Feb. 

Mar. 

Apnl 

May 

June 

July 

Aug. 

Sept. 

Oct. 

IS'uv Dt‘c 



o 

o 

O 



O 

O 



n <1 

Dry Bulb . 

25 0 

2(>-0 

23 2 

38 8 

40 0 

47 0 

44 4 

45 0 

18 7 

21 5 

21.1 2'M) 

Wet Bulb 

ISO 

1 o-o 

ICS 

30-0 

3;m) 

37-8 

.)5 3 

35-2 

42’5 

18-5 

19-1 i 23 s 

Dew-point 

-20 5 

-10 7 

22 9 

18-8 

lG-7 

27 7 

24 7 

23-4 

35-7 

-1 8 

-16 3 i 1 ‘t 

Elastic Force . 

•017 

•019 

•014 

•102 

•0')3 

•151 

•1.33 

•125 

•209 

•040 

•017 -051 

Relative Humidity 

13 

13 

11 

45 

29 

47 

15 ; 

42 

01 

35 

It 1 31 

(Sat =100) 

Day of Month 

9 

23 

12 

24 

31 

20 

17 j 

23 

G 

26 

■’ ! ’ 


Of these lowest monthly humidities the lowest occurred on March 12, 
when the dew-point was — 22°'9, the elastic force of vapour *014 inch, 
and relative humidity 11. Very low humidities also occurred in January, 
February, and November. No low humidities were recorded in Sep- 
tember, the lowest being on the 6th, when the dew-point was 35° *7, and 
the humidity 61, and in this month the sunshine was small, being only 
29 hours, which is the smallest recorded in this month since 1885, when 
only 25 hours were recorded. 

At the Ben Nevis Observatory the mean percentage of cloud covering 
the sky was 83, which is the average, the maximum being 92 in Mareli 
and April and the minimum 56 in May ; and at Fort William the mean 
was 77, the maximum being 87 in February and the minimum 54 in May. 
It will be noted that in the anticy clonic months of January, February, May, 
and November, the sky at the top was much more clear of cloud as com- 
pared with the foot of the mountain than is usually the case. 

The mean rainband (scale 0-8) observation at the top was 2*3 for tin; 
year, the highest being 3*3 in July, and the lowest 1*6 in November ; and 
at Fort William 4*0 for the year, the highest being 5*4 in September, and 
the lowest 3*4 in October. 



METEOROLOGICAL OBSERVATIONS ON BEN NEVIS. 


223 


The mean hourly velocity of the wind at the top of Ben Nevis was 
12 miles for the year, being the lowest velocity of any year since the 
observations began. The maximum mean monthly velocity was 18 miles 
an hour in December, and the minimum only 6 miles in June. For the 
three summer months, June, July, and August, the mean was at the rate 
of 9 miles per hour, but for the three winter months, December, January, 
and February, it was 15 miles per hour. These are respectively the 
lowest mean summer and the lowest mean winter velocities of the wind 
hitherto recorded at this Observatory. 

The rainfall for the year at the top of Ben Nevis was 133-56 inches, 
being 15-56 indies greater than the rainfall of 1895. It was, however, 
11-95 inches under the average of the past observations. The highest 
monthly amount was 19-54 inches in March, and the lowest 2-91 inches in 
May, being the smallest rainfall of any previous May. The heaviest fall 
on any single day was 2-94 inches on January 17, which is absolutely the 
least daily maximum fall yet recorded for any year. 

On the top rain fell on 259 days, and at Fort William on 237 days, 
these numbers of days being the average rainy days at the two Observa- 
tories. At the top the maximum number of rainy days was 26 in March, 
April, and October; and at Fort William, 24 in January, March, and 
December. The minimum number of days of rain at the top was 1 2 days 
in May, and at Fort William 7 days, also in May. 

During the year the number of days on which an inch of rain, or more, 
was precipitated was 41 at the top and 16 at Fort William ; at the latter 
place an inch of rain was not reached on any day of April, May, June, 
July and November, but at the top, on the other hand, this amount was 
exceeded on 7 days of March, while May had only one such day. 

Auroras are reported to have been observed on the following dates : — 
January 3, 4, 5, 6, 7, 9, 22, 29, 30, 31 ; February 2, 3, 12, 13, 17, 18, 19 ; 
March 11, 12, 13, 14, 23, 30, 31 ; April 14, 15; May 2, 3, 4, 11, 17 ; 
September 4 ; October 11, 13, 14, 15, 17 ; November 8. 

St. Elmo’s Fire was seen on January 12, 27 ; June 20 ; October 5 ; 
December 26. 

The Zodiacal Light, Alarch 12, 13. 

Thunder and lightning was reported on January 20 ; April 10 ; 
June 4 ; September 16. 

Lightning only, September 14 ; December 31. 

It was intimated in last year’s Report that an intermediate station 
had been established on Ben Nevis, at a height of 2,322 feet, or nearly 
midway in height between the two Observatories. This temporary 
station was established for the purpose of ascertaining with greatei* pre- 
cision than has hitherto been possible the extent to which anticyclones 
descend on the mountain ; but more particularly the relations of pressure', 
temperature, humidity, lainfall, cloud, and wind at this intermediate 
station with the observations at Fort William and on the summit of Ben 
Nevis. The three stations are in a line with each other, and the heights 
are 4,406, 2,322, and 42 feet. The observations were made by Mr. Muir, 
of the Royal High School of Edinburgh, during September. A report on 
the observations was prepared by Mr. Muir and read by him at a Meeting 
of the Royal Society of Edinburgh last winter. The observations at this 
intermediate station have been again resumed this year, and arrangements 
have been made for a continuous record of observations from J uly 1 9 to 
September 30. This year the weather fortunately has hitherto (till 
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August 9) been mostly anticyclonic, being the typo of weather so much 
desired for the observations needed in carrying out the important inquiries 
referred to above. 

During the past year much of the time of the office in Edinburgh, 
aided by Mr. Ormond and the staff on Ben Nevis, has been spent in pre- 
paring for the press the whole of the observations, hourly and otherwise, 
made at the two Observatories from January 1888 to 1896. These obser- 
vations, now ready for press, will fill two large quarto volumes. A dis- 
cussion of the observations from December 1883, when they commenced, 
to December 1896, is in progress, which, it is expected, will be finished in 
the spring of next year. 

Among the separate parts of this large discussion, already completed, are 
the mean hourly variation of the barometer, and the temperature, for the 
months and the year, at each of the two Observatories for the same terms 
of years, from August 1890 to December 1896, or six years and five months. 
The two sets of curves are therefore strictly comparable, being calculated 
for the same time. The results are given in the four Tables, V., VI., 
VII., and VIII., at the end of this Keport. 

The hourly observations made by the Swedish expedition at Jan 
Mayen in 1882-83, particularly the hourly barometric observations in 
clear and clouded weather respectively, together with the observations 
made on the open sea of the Arctic Ocean by the same expedition. The 
results, in clear and in clouded weather, are of tlie greatest possible interest 
in their relation to similar inquiries made with the observations of the two 
Ben Nevis Observatories, and of other observatories in different parts of 
the world, and reported on by your Committee in their Annual Reports 
for several years past. 

But an equally great interest attaches to the discussion of these 
barometric observations made on the open sea of the Arctic regions in 
1882-83, together with similar observations made by Professor Mohn 
in the Arctic Ocean in the summer months of 1876-77-78. From the 
observations made on this ocean at a season when the sun is constantly 
above the horizon, it is shown that there is only one daily maximum and 
one minimum of pressure closely agreeing with the diurnal curve of 
temperature. At the same season the small island of Jan Mayen presents 
in its diurnal curves of pressure the usual double maxima and minima. 

The same discussion opens up important inquiries as to the different 
effects on the diurnal curves of pressure according as the terrestrial 
radiation from the earth’s surface towards space, proceeds from extended 
fields of snow, bare rock or soil, grass, or sheets of water. 

The hourly observations of the rainfall and snowfall at the two 
Observatories have been discussed, from which it is shown that the diurnal 
curves have two maxima and two minima, and that the summer and 
winter curves present striking differences. 

The work of preparing maps, showing for each day the amount of the 
rainfall at 120 stations well distributed over Scotland, is steadily progress- 
ing. As the work proceeds it becomes more and more apparent that as 
regards large rainfalls with west wind — (1) over all Scotland ; (2) over 
western districts only ; (3) north of the Grampians only ; (4) south of the 
Grampians only ; or with east winds — (5) over all Scotland, an exceedingly 
rare occurrence ; (6) over eastern districts only ; (7) over only a narrow 
strip on the coast ; (8) over the foreshores only of the Firth of Forth, the 
Moray Firth and the Pentland Firth, these inquiries receive much elucida- 
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tion from the contrasted hourly observations of the two Ben Nevis 
Observatories, particularly the observations of dry and wet bulb 
hygrometeis. 


Table V . — Hourly Variation of the Barometer at the Ben Nevis Ohserva* 
tory. Mean of %-l years from August 1890 to December 1896. Height^ 
4,406 feet. The figures represent thousandths of an inch. 


Hour 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

1 

AS£. 

- 1 

1 

1 

— 5 

- 3 

- 2 

- 2 

— 2 

2 

- 3 

1 

3 

- 1 

2 


- 3 

- 3 

- 5 

-10 

- 8 

— 8 

- 7 

- 8 

- 3 

- 5 

- 3 

- 0 

— 5 

3 


- 6 

- 7 

-11 

-14 

-13 

-13 

-12 

-13 

- 9 

-n 

— 6 

— 3 

-10 

4 


-11 

-10 

-16 

-17 

-17 

-17 

-15 

-19 

-13 

-15 

- 9 

- 8 

-14 

5 


-14 

— 9 

-15 

-17 

-18 

— 16 

-16 

-21 

-16 

-13 

-10 

-11 

-14 

6 


-18 

- 9 

-13 

-13 

-14 

-14 

-14 

-18 

-14 

-12 

_ 9 

-11 

-13 

7 


-15 

- 7 

- 9 

- 8 

-11 

-10 

-10 

-14 

-10 

- 8 

- 6 

- 9 

-10 

8 


-10 

- 2 

— 4 

- 3 

— 7 

— 5 

- 5 

- 9 

- 8 

— 2 

1 

— 4 

- 5 

9 


- 5 

3 

- 1 

- 0 

- 4 

2 

2 

- 5 

- 4 

2 

5 

1 

- 1 

10 


- 0 

4 

1 

5 

0 

0 

0 

- 1 

- 1 

5 

9 

6 

2 

11 


4 

7 

5 

8 

3 

3 

4 

2 

1 

8 

9 

9 

5 

Noou 

4 

7 

7 

10 

6 

5 

6 

7 

3 

8 

6 

4 

6 

1 

I’.M. 

0 

4 

8 

12 

9 

7 

8 

10 

7 

7 

0 

- 1 

G 

2 


- 1 

0 

4 ! 

11 

11 

8 

9 

10 

5 

6 

- 4 

- 4 ' 

4 

3 


- 4 

- 0 

1 

8 

10 

6 

1 7 

9 

3 

3 

- 7 

- 5 

3 

4 


- 0 

2 

0 

6 

8 

6 

6 

7 

2 

1 

- 5 

— 2 

2 

5 


6 

0 

3 

5 

6 

5 

5 

7 

2 

4 

- 1 

- 1 

3 

0 


8 

6 

5 

6 

5 

4 

' 4 

6 

3 

7 

2 

1 

! 6 

7 


11 

C 

9 1 

5 1 

5 

6 

1 5 

7 

6 

8 

3 

4 

1 6 

8 


i;j 

6 

9 

6 

7 

6 

i 4 

10 

10 

7 

4 

7 

i 7 

9 


14 

S 

9 

5 

9 

10 

8 

11 

10 

5 

5 

8 

1 8 

10 


12 

6 

8 

4 

8 

10 

8 

10 

10 

2 

6 

7 

1 8 

11 


9 

6 

6 

1 

5 

1 « 1 

1 7 

7 

9 

0 

6 

8 

6 

Midnight 

4 

4 

3 

- 2 

2 

3 

' 8 

3 

5 

0 

4 

7 

3 

I iichos 25 + 

•228 

•294 

183 

•388 

•418 j 

•471 

•391 

188 

•371 

•209 

•255 

•168 

•300 


Table VI . — Hourly Variation of the Temperature at the Ben Nevis Oh» 
servatory. Mean of 6-7 years from August 1890 to December 1896. 
Height^ 4,406 feet. The figures represent tenths of a degree Fahrenheit, 


Hour 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov, 

Dec. 

1 Year 

1 A.M. 

- 1 

- 3 

- 6 

-11 

-13 

-17 

-13 

— 8 

- 7 

- 2 

- 2 

- 2 

1 - 7 

2 „ 

— 2 

- 3 

- 6 

-11 

-15 

-19 

-15 

-10 

- 9 

- 2 

1 

- 1 

- 8 

3 „ 

- 2 

— 4 

- 6 

-12 

-17 

-22 

-17 

-12 

-10 

- 4 

- 0 

— 2 

, - 9 

4 ,, 

- 1 

- 4 

— 8 

-14 

-20 

-22 

-19 

-13 

-11 

- 5 

- 1 

- 1 

1 -10 

5 „ 

- 2 

- 4 

- 9 

-15 

-19 

-20 

-18 

-14 

-12 

- 6 

- 1 

- 1 

-10 

6 „ 

- 1 

- 6 

-11 

-12 

-16 

-17 

-17 

-14 

-12 

- 7 

- 2 

- 2 

-10 

7 „ 

- 2 

- 6 

-11 

- 9 

-11 

-12 

-13 

-11 

-10 

- 8 

- 5 

— 2 

- 8 

8 „ 

- 2 

- 8 

— 6 

- 6 

- 7 

— 6 

- 8 

- 8 

- 6 

- 5 

- 6 

- 2 

- 6 

9 M 

- 2 

- 6 

- 1 

1 

- 0 

- 0 

- 2 

- 3 

- 1 

- 2 

- 2 

- 2 

2 

10 „ 

0 

-- 1 

3 

7 

7 

6 

4 

3 

4 

2 

0 

0 

3 

11 „ 

2 

4 

7 

10 

14 

11 

10 

8 

8 

5 

2 

3 

7 

Noon 

3 

8 

10 

14 

19 

16 

15 

12 

12 

8 

4 

6 

10 

1 P.M. 

5 

10 

13 

19 

23 

21 

19 I 

15 

14 

9 

4 

5 

13 

2 „ 

4 

10 

13 

18 

24 

24 

21 

17 

16 

9 

5 

3 

14 

•3 » 

1 

9 

13 

18 

24 

25 

23 

18 

18 

8 

4 

2 

13 

4 ,, 

0 

7 

10 

15 

20 

24 

20 

16 

13 

4 

1 

1 

1 

6 „ 

0 

2 

4 

10 

16 

20 

17 

12 

10 

2 

0 

1 

> 8 

6 „ 

0 

0 

0 

6 

10 

15 

11 

9 

4 

0 

0 

0 

5 

7 

- 1 

- 0 

- 1 

- 1 

4 

10 

6 

4 

1 

- 1 

- 1 

0 

2 

8 » 

- 0 

- 0 

- 2 

, - 4 

— 2 

2 

2 

- 0 

- 0 

- 1 

1 

- 0 

- 0 

9 „ 

- 0 

- 1 

- 2 

- 5 

- 6 

- 3 

— 2 

- 2 

- s 

- 1 

- 0 

- 1 

- 2 

10 „ 

- 1 

- 1 

- 2 

- 7 

- 8 

- 8 

— 6 

- 6 

- 6 

- 1 

- 0 

- 0 

— 4 

11 M 

- 1 

- 0 

- 3 

_ 8 

-11 

-12 

- 8 

- 7 

- 6 

- 2 

- 0 

- 1 

- 5 

Midnight 

- 0 

- 1 

- 4 

1 -10 

-12 

-14 

-10 

- 9 

- 6 

- 2 

- 1 

- 2 

- 6 

Mean 

22-6 

24 6 

24-5 

29-6 

34-1 

40-1 

40-9 

89-9 

38-4 

80’1 

28 6 

25-0 

j 3V6 


1897. Q 
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Table VII. — Hourly Variation of the Barometer at Fort William. Mean, 
of 6 -7 years from August 1890 to December 1896. Height^ 42 feeU 
The figures represent thousandths of an inch. 


Ilour 

dan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dw. 

Year 

1 

A.M. 

2 

3 

4 

4 

9 

10 

8 

4 

6 

0 

0 

2 

4 

2 


u 

2 

1 

2 

8 

8 

6 

0 

4 

- 4 

- 1 

1 

2 

3 


- 4 

- 4 

- 7 

- 2 

2 

4 

0 

- 6 

- 3 

- 9 

- 6 

- 3 

- 3 

4 


- 9 

- 5 

- 9 

- 2 

2 

4 

- 0 

- 8 

- 5 

-10 

- 8 

- 8 

- 6 

5 


-16 

- 8 

- 8 

- 2 

2 

4 

- 0 

- 9 

- 8 

-11 

- 9 

-12 

- 6 

6 


-18 

- 6 

- 4 

4 

7 

8 

4 

- 6 

- 4 

- 6 

- 7 

-11 

- 3 

7 


-17 

- 3 

- 2 

7 

7 

8 

6 

- 3 

- 1 

- 3 

- 6 

- 9 

- 1 

8 


-10 

6 

4 

11 

9 

10 

7 

1 

2 

6 

5 

- 2 

4 

9 


- 5 

7 

5 

9 

6 

6 

6 

2 

3 

7 

8 

3 

6 

]0 


3 

10 

7 

10 

3 

4 

4 

3 

4 

9 

13 

10 

7 

11 


4 

8 

6 

5 

- 2 

- 0 

0 

1 

- 1 

7 

13 

n 

4 

Noon 

1 

7 

5 

3 

- 6 

- 2 

0 

0 

0 

4 

7 

5 

2 

1 

P.M. 

- 5 

- 2 

- 0 

- 3 

- 9 

„ 7 

- 4 

- 2 

- 3 

- 1 

- 0 

- 2 

- 3 

2 


- 4 

- 8 

- 5 

- 6 

-11 

- 9 

- 5 

- 1 

- 6 

- 4 

- 6 

1 - 7 

- 6 

3 

,, 

- 4 

-14 

-10 

-14 

-14 

-14 

- 9 

- 6 

-11 

- 7 

-10 

- 9 

-10 

4 


1 

-12 

-10 

-15 

-15 

-16 

-12 

- 6 

-11 

- 6 

- 8 

- 4 

-10 

5 


2 

-10 

-11 

! -16 

-16 

-19 

-14 

; - 7 

-12 

- 6 

- 6 

- 4 

-10 

6 


8 

1 - 1 

- 4 

1 -12 

-12 

-10 

-11 

- 4 

- 6 

3 

- 1 

0 

- f) 

7 


10 

2 

0 

- 8 

- 8 

-12 

— 9 

- 1 

- 2 

4 

0 

[ 1 

— 2 

8 


15 

4 

7 

0 

- 0 

- 4 

- 2 

7 

8 

7 

3 

6 

4 

0 


13 

4 

8 

4 

6 

I 3 

4 

10 

10 

6 

3 

(( 

G 

10 


14 

6 

11 

6 

12 

10 

10 

13 

13 

4 

6 

10 

10 

11 


9 

5 

10 

6 

12 

11 

10 

11 

12 

2 

4 

7 

8 

Midnight 

8 

8 

9 

7 

12 

1 13 

10 

i ^ 

10 

1 


1 ^ 

8 

Inches 29' + 

•874 

•929 

•790 

•983 

1-006 

•976 

•875 

•^11 

•87C j 

•767 

•842 

1 -779 

•876 


Table YIII . — Hourly Variation of the Temperature at Fort William. 
MeanofQ~7 years from August 1890 to December 1896. Height^ 4*2 
feet. The figures represent tenths of a degree Fahrenheit. 


Hour 

Jan. 

Feb. 

Mar. 

Apr. 

■Jay 

Juno j July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

1 A.M. 

- 2 

- 8 

-18 

-32 

-40 

-42 

-32 

-26 

-19 

-13 

_ 7 

- 3 

. 

-2,. 

2 „ 

- 4 

-11 

-21 

—38 

-46 

-49 

-36 

-29 

-23 

-16 

- 9 

- 5 

-24 

3 „ 

- 4 

-11 

-24 

-41 

-49 

-53 

-39 

-21 

-25 

-17 

- 8 

— 5 

-26 

4 „ 

- 5 

-13 

-26 

-45 

-53 

-56 

-42 

-33 

-29 

-19 

- 8 

- 6 

-28 

5 „ 

- 5 

-14 

-26 

-47 

-67 

-53 

-40 

-34 

-29 

-20 

- 8 

- 6 

-28 

0 „ 

- 6 

-16 

-30 

-48 

-45 

-41 

-33 

-32 

-32 

-21 

— 9 

- 6 

-27 

7 » 

- 6 

-15 

-29 

-37 

-28 

-26 

-20 

-23 

-27 

-20 

_ 7 


-20 

8 „ 

- 6 

-16 

-26 

-22 

-15 

-12 

- 9 

-12 

-18 

-18 

- 9 

- 3 

-11 

9 „ 

- 6 

-12 

-10 

- 4 

3 

5 

6 

2 

- 5 

- 9 

- 5 

— 2 

- 3 

10 „ 

- 4 

- 6 

- 0 

11 

15 

17 

14 

11 

7 

1 

- 1 

_ 9 

5 

11 « 

1 

5 

13 

21 

29 

28 

23 

20 

19 

15 

7 

r 

16 

Noon 

6 

12 

23 

35 

36 

33 

28 

26 

26 

22 

12 

6 

22 

1 P.M. 

12 

20 

32 

45 

45 

41 

36 

32 

32 

29 

16 

10 ! 

29 

2 „ 

12 

25 

35 

60 

50 

46 

40 

35 

36 

31 

17 

11 1 

.32 

3 „ 

10 

28 

39 

65 

64 

61 

43 

40 

41 

32 

16 

10 

35 

4 „ 

5 

24 

38 

62 

52 

51 

40 I 

37 

37 

28 

11 

7 

32 

5 „ 

3 

17 

33 

46 

48 

60 

37 

33 

32 

17 

7 

5 

27 

fl „ 

1 

9 

21 

37 

40 

44 

30 

26 

19 

7 

3 

3 

20 

7 „ 

1 

4 

10 

20 

28 

34 

22 

12 

8 

8 

2 

2 

12 

8 „ i 

- 1 

0 

3 

6 

8 

14 

6 

1 

- 1 

- 2 

- 1 

0 

3 

9 

- 0 

- 3 

- 2 

— 5 

- 6 

- 4 

- 5 

— 6 

- 6 

— 3 

— 2 

- 0 

- 4 

10 „ 

- 0 

- 6 

- 8 

-14 

-17 

-16 

-15 

-12 

-12 

- 6 

- 4 

- 1 

- 9 


- 0 

- 6 

-12 

-21 

-26 

-26 

-21 

-17 

-16 

- 8 

- 4 

- 3 

-13 

Midnight 

- 2 i 

- 8 

-15 

-28 

-.34 

-34 

-28 

-22 

-18 

-13 

- 6 

- 4 

1 -18 

Mean | 




! 











ELECTROLYSIS AND ELECTRO-CHEMISTRY. 


227 


JElectrohjsis and Electro-chemistry, — Report of the. Committee, consisting 
of Mr. W. N. Shaw (Chairman), Mr. E. H. Griffiths, Rev. T. 0. 
Fitzpatrick, Mr. W. 0. T). Whetham (Secretary)., on the present 
state of our hnowledye in Electrolysis and Electro-chemistry, 

Appendix, — The Theory of the Migration of Ions and of Specific Imiic Velo- 
cities. By W. C. Dampier Whetham, M.A page 227 

The experiments upon the electrical properties of solutions, in relation to 
their thermal properties, towards the expenses of which a grant of 50^. 
was made, are in progress. The apparatus for the measurement of the 
resistance of solutions has been designed, constructed, and tested. It has 
been proved to work satisfactorily by test experiments with pure water 
and with solutions of potassium chloride. 

The cost of the apparatus, the essential parts of which had to be made 
of platinum, has exceeded the amount of the grant. 

The expenses incidental to the completion of the experiments are 
estimated by the Secretary at 35/., and the Committee desire that that 
sum be placed at their disposal in the ensuing year. 

The section of .the report on electrolysis treating of the theory of 
migration of ions and of specific ionic velocities prepared by Mr. 
Whetham last year is printed as an appendix to this report. 

The Committee regret that the pressure of other engagements has 
prevented further progress with the compilation of the report. 

The Committee ask for reappointment, with a grant of 35/. 


APPENDIX. 

{/) The Theory of the Migration of Ions and of Specific Ionic Velocities. 

By W. C. Dampieh Whetham, M.A. 

The liberation of the products of electrolysis at the electrodes, and at 
the electrodes only, shows that a continuous passage of the opposite ions in 
opposite directions through the liquid must be going on. Whether the 
ions are free from each other during their passage, or accomplish their 
journey by means of continual decomposition and recombination of mole- 
cules, does not matter for our present purpose. The numbers of the ions 
in the middle portion of the liquid do not change, but, while the current 
passes, a constant excess of anions is delivered at the anode, and of 
kations at the kathode. 

If the opposite ions move with equal velocities, the result of the 
passage of the current will be that, while the composition of the middle 
portion of the solution remains unaltered, the products of the decomposi- 
tion, which appear at the electrodes, are taken in equal proportions from 
the solution surrounding the anode, and from that round the kathode. 

If, however, one of the ions travels faster than the other, it will get 
away from the portion of the solution whence it comes more quickly t/ian 
the other ion enters. The concentration of this region will therefore fall 
faster than that of the liquid round the other electrode, and the ratio 

Q2 
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between the rates at which salt is taken from the neighbourhoods of the 
anode and kathode gives also the ratio between the velocities of the 
kation and anion. 

Thus, by measuring the contents of vessels containing the electrodes 
before and after the passage of the current, we can determine the ratio 
between the velocities of the two ions in any given case of electrolysis. 
Many such investigations have been made by Hittorf,* Lenz,*^ Loeb and 
Nernst,^ and Kistiakowsky.^ An account of their methods and results 
will be found in Professor Ostwald’s ‘ Lehrbuch der Allgenieinen Chemie,’ 
2nd edition, vol. ii., p. 598, and most of the numerical results obtained 
are included in a table compiled by T. C. Fitzpatrick and published in the 
previous portion of this report, which appeared in 1893. 

A further step was taken by Professor F. Kohlrausch in the year 1879."’ 
Kohlrausch introduced a satisfactory method of measuring the conduc- 
tivity of electrolytes by means of alternating currents, and showed that, 
from a knowledge of the conductivity, the sum of the opposite ionic 
velocities (7.6. the velocity with which the opposite streams of ions travel 
past each other) could be calculated. 

Faraday’s work showed that the passage of a definite quantity of elec- 
tricity through the solution involves the decomposition of a definite mass 
of electrolyte, which varies as its chemically equivalent weight and as 
the quantity of electricity. Thus the quantity of electricity which must 
pass in order to decompose the equivalent weight of an electrolyte in 
grams is independent of the nature of the electrolyte. 

We may therefore represent the facts by considering the process of 
electrolysis to be a kind of convection, the ions moving through the 
.solution and carrying their charges with them. Each univalent ion may 
4t>e supposed to carry a certain definite charge, which we may take to be 
the true natural unit of electricity ; each divalent ion carries twice as 
much, and so on. 

Let us take, as an example, the case of an aqueous solution of hydro- 
chloric acid whose concentration is m gram -equivalents per cubic centi- 
metre. 

There will then be in gram-equivalents of hydrogen ions and the same 
number of chlorine ions in this volume. Let us suppose that on each 
gram-equivalent of hydrogen there reside -f q units of electricity, and on 
each gram-equivalent of chlorine ions — g units. If u denote the average 
velocity of the hydrogen ions, the positive charge carried per second across 
unit area normal to the flow is m q u. Similarly, if v be the average 
velocity of the chlorine ions, the negative charge carried in the opposite 
direction vs, m qv. But positive electricity moving in one direction is 
equivalent to negative electricity moving in the other, so that the total 
► current, C, is m {u -f- v). 

Now let us consider the amounts of hydrogen and chlorine liberated at 
4he electrodes by this current.® At the kathode, if the chlorine ions were 
at rest, the excess of hydrogen ions would be simply those arriving in one 

* Vogg. Ann, 1863-9, vol. Ixxxix. pp. 177 ; xcviii. p. 1 ; ciii. p. 1; cvi. pp. 337,513. 

^ Mem. Petersh. Ak. 1882, vol. ix. p. 30. 

’ Zeits. physikal. Cliem. 1883, vol. ii. p. 948. 

♦ Zeits. phygikal. Chem. 1890, vol. vi. p. 97. 

* Wied. Ann. vol. vi. p. 160. 

• This modification of Professor Lodge’s method of developing Kohlrausch’s equa- 
tion was suggested to the writer by Professor G. F. FitzGerald. 
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second, viz. m u. But, since the chlorine ions move also, a further 
separation occurs, and m v hydrogen ions are left without partners. The 
total number of gram- equivalents liberated is therefore This 

must, by Faraday's law, be equal to t^C, where rj denotes the electro-chemical 
equivalent of hydrogen. Thus we get 

Qn(u-\-v) = 7jC=7J 771 

and it follows that the cliarge, on one gram-equivalent of each kind of 
ion is equal to 1 /rj. 

We know that Ohm's law holds good for electrolytes, so that the 
current C is also given by k. d^jdx, where k denotes the conductivity of 
the solution, and dYjdx the potential gradient, i.e. the fall in potential 
per unit length along the lines of current flow. 


Thus 


-f 1?) . c/P / dx ; 


/. U + V=:rf 


k 

771 


dF 

dx 


Now rj is 1-0352 + and the concentration of a solution is usually 
expressed in terms of the number, of gram-equivalents per litre instead 
of per cubic centimetre. 

Therefore rt+«;=l-0352 x 10*’ ^ 

n dx 


When the potential gradient is one volt (10® C.G.S. units) per centi- 
metre, this becomes 

« + d=1-0352x10’x1 

71 


Thus, by measuring in C.G.S. units the conductivity of a solution of known 
concentration, the relative velocity of its ions can at once be deduced. It 
is true that, in this investigation, we have assumed that all the contents 
of the solution are actively concerned in the electrolysis — an idea which 
seems to be disproved by the diminution in the molecular conductivity 
with increasing concentration. But although, at any instant, only a part 
of the electrolyte is active, we must imagine that each portion will become 
active in turn, two given ions of opposite kinds being sometimes free 
(i.e. active) and sometimes paired (i.e. inactive). The immediate effect, 
therefore, of the decrease in ionisation, with increasing concentration, is 
to diminish the relative velocity of the ions, and this diminution will 
reduce the molecular conductivity in accordance with the equation. 

Since Hittorf’s numbers give us the ratio of the ionic velocities, we 
can deduce the absolute values of u and v from this theory. Thus, for 
instance, the molecular conductivity of a solution of potassium chloride 
containing one-tenth of a gram-equivalent per litre is 1113 x C.G.S. 
units at 18° C. 

'a + 'y=l-0352x 10^x1113x10-'®, 

= l-153x 10“®=0-001153 cm. per sec. 

Hittorf's experiments show us that the ratio of the velocity of the 
anion to that of the kation in this solution is -51 : *49. The absolute 
velocity of the chlorine ion under unit potential gradient is therefore 
0-000589 cm. per sec., and that of the potassium ion 0*000564 cm. 
per sec. Similar calculations can be made for solutions of other con- 
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centra tions. The following table shows Kohlrausch’s latest ^ values for 
the ionic velocities of three chlorides of alkali metals in 10“^* cms. per 
sec. at 18° C., calculated for a potential gradient of 1 volt per cm. : — 


n 

1 KCl 


NaCl 

1 


LiCl 


1 w+v 

u 

V 

u + v 

u 

V 

u + v 

u 

V 

0 

! 1.S.50 

G60 

690 

1140 

450 

690 ! 

10.50 

360 

690 

0 0001 

, 1335 

(554 

681 

1129 

448 

681 I 

1037 

366 

681 

•001 

1 1313 

G43 

670 

1110 

440 

670 1 

1013 

343 

670 

•01 

12G3 

G19 

644 

1059 

415 

644 1 

962 

318 

644 

•03 

1218 

597 

621 

1013 

390 i 

623 j 

917 

298 

619 

•1 

1163 

664 

689 

952 

360 1 

692 1 

853 

269 

694 

•3 

1088 

531 

557 

87(5 

,324 i 

552 ; 

774 

217 

557 

10 

1 1011 

491 

520 

765 

278 1 

487 ■ 

651 

169 

482 

30 

911 

412 

, 469 

682 

206 

37(5 

463 

115 

348 

5-0 

1 





438 

153 

285 ' 

334 

80 

254 

100 

1 __ 

__ 

1 -- 

— 


— 1 

117 

25 

92 


These numbers clearly show the increase in ionic velocity as the dilu- 
tion gets greater. Moreover, if we compare the values for the chlorine 
ion obtained from observations on these three different salts, we see that, 
as the solutions get very weak, the velocity of the chlorine ion becomes 
the same in all of them! Similar phenomena appear in other cases, and, 
in general, we may say that, at great dilution, the velocity of an ion is 
independent of the nature of the other ion present. This at once leads 
to the idea of specific ionic velocities, the values of which for different ions 
are given by Kohlrausch in the following table : — 


K . 

66 X 10" ® cms. per sec. 

Cl . 

69 X 

lO""® cms. per sec. 

Na . 

45 

I 

69 


Li . 

so 

NO3 . 

64 


NHi . 

^5 » »» 

OH . 

182 


H . 

320 


36 


Ag . 

57 

CsH.O, . 

33 



Having once obtained these numbers, we can calculate the molecular 
conductivity of the dilute solution of any salt, and the comparison of such 
values with observation furnished the first confirmation of Kohlrausch ’s 
theory. Some exceptions, however, are known. Thus, acetic acid and 
ammonia give solutions of much lower conductivity than is indicated by 
the sum of the specific ionic velocities of their ions as determined from 
other compounds. 

Professor Oliver Lodge was the first to directly measure the velocity 
of an ion. 2 In a horizontal glass tube connecting two vessels filled with 
dilute sulphuric acid, he placed a solution of sodium chloride in solid agar- 
agar jelly. This solid solution was made alkaline with a trace of caustic 
soda to bring out the red colour of a little phonol-phthalein added as 
indicator. A current was then passed from one vessel to the other along 
the tube. The hydrogen ions from the anode vessel of acid were thus 
carried along the tube, forming hydrochloric acid as they travelled, and 
decolorising the phenol- phthalein. By this method the velocity of the 

' Wied. Ann. 1893, vol. 1. p. 385. 

2 British AHSociation Re vort. ISHfi p. 389. 
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hydrogen ion through a jelly solution under a known potential gradient 
could be observed. The results of three experiments gave 0*0029, 0*0026, 
and 0*0024 cm. per sec. as the velocity of the hydrogen ion for a poten- 
tial gradient of one volt per centimetre. Kohlrausch’s number is 0*0032 
for the dilution corresponding to maximum conductivity. Lodge does 
not mention the concentration of his solution, but it was probably large 
enough to appreciably reduce the velocity. 

When the current density at the kathode of a solution of copper sul- 
phate exceeds a certain limit, the copper is deposited as a brown or black 
hydride. C. L. Weber ^ explained this as due to the inability of the copper 
ions to migrate fast enough to keep up the supply for carrying the 
current, part of which will consequently be conveyed by sulphuric acid 
formed by the action of SO 4 ioiis on the water. By measuring the limiting 
current density and the conductivity of the solution, he estimated the 
speed of the copper ions when they could travel just fast enough to carry 
all the current, and hence he deduced their specific velocity. Similar 
methods were used for solutions of cadmium suiphate and zinc nitrate. 
The copper sulphate measurements were repeated with an improved appa- 
ratus % Sheldon and Downing. This method does not appear to be a 
very good one, for the dilution of the liquid round the kathode makes 
it impossible to accurately determine the conductivity of the solution 
concerned. This source of error will make the deduced velocities too 
great. 

Direct determinations of the velocities of a few other ions have been 
made in another way by the present writer.^ Two solutions, having one 
ion in common, of equivalent concentrations, difierent densities, difterent 
colours, and nearly equal specific resistances, were placed one over the other 
in a vertical glass tube. In one case, for example, decinormal solutions of 
potassium carbonate and potassium bichromate were used. The colour of 
the latter is due to the presence of the bichromate group, Cr.jO-. When a 
current was passed across the junction, the anions Cl and Cr .207 travelled 
in the direction opposite to that of the current, and their velocity could 
be determined by measuring the rate at which the colour boundary moved. 
Similar experiments were made with alcoholic solutions of cobalt salts, in 
wdiich the velocities of the ions w^re found to be much less than in water. 
The behaviour of agar jelly was then investigated, and the velocity of an ion 
v;as shown to be very little less through a solid jelly than in an ordinary 
liquid solution. The velocities could therefore be measured by tracing 
the change in colour of an indicator or the formation of a precipitate. 
Thus decinormal jelly solutions of barium chloride and sodium chloride, 
the latter containing a trace of sodium sulphate, w^ere placed in contact. 
Under the influence of an electromotive force, the barium ions moved up 
the tube, and their presence was shown by the trace of insoluble barium 
sulphate formed. 

The following table shows the velocities of all ions which have been 
experimentally determined. A comparison is given with their values as 
calculated, for the same concentration, on Kohlrausch’s theory. 

* Zelts. phydkal. Chrm. 1880, vol. iv p. 182. 

- Physical lierieiv. ISO.'l. vol. i. j) f)!. 

^ Phil. Tram. 18011, vol. clxxxiv. A, 337; PInl. May., October, 1891; Phil. 
Trails. 1895, vol. clxxxvi. A, p. 507. 
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s § ^ 

Specific Ionic velocity in 
centimetres per second 


Name of Ion 

•2 2 0 . 

-Sc 

a* c3 1 — 1 

0 0 « 
11 

Calculated 

from 

Ivolilrausch’s 

theory 

Observed 

Observer 

Hydrogen in chlorides . 



0 0028 

0-0026 

0. J. Lodge 

,, in acetates . 

0-07 

0-000048 

0-000065 

W.C.D.Whetham 

Zinc 

0-003 

0-00030 

0 000.51 

C. L. Weber 

Cadmium .... 

0-007 

0 00031 

0-00051 


Copper (in sulphates) . 

0-01 

0-00030 

0 00042 

»> 

01 

0 00017 

0 00045 

Sheldon and 

„ (in chlorides) . 

0 1 


0-00031 

Downing 

W.C D.Whetham 

Barium 

01 

0-00037 

0 00039 

I) 

Calcium «... 

OT 

000029 

0 00035 


Silver . . . . 

01 

0 00046 

0 00049 


Sulphate group (SO,) . 

0-1 

0-00049 

0-00045 


Bichromate group (Cr.^O.) 

01 

000047 

0 00047 


Cobalt (in alcoholic CoCI.) 

0 06 

— 

0-000022 


„ („ „ Co(NO.,),) 

0 06 

— 

0 000044 

,, 

Chlorine (in alcoholic CoClj. 

0 05 

— 

0 000026 


Nitrate group (NO 3 ) (in alco- 
holic Co(N 05 ),.) . 

0 05 


0 000035 



Note, — The migration data for solutions of copper chloride are not known. 
, The specific ionic velocity of copper at infinite dilution (when it would be inde- 
pendent of the nature of the combination) is given by Kohlrausch as 0 00031, but in 
a solution of the strength used it would be considerably less. The sum of the 
ionic velocities of cobalt chloride in alcohol, as calculated from the conductivity, 
is 0-000060 cm. per sec., and that of cobalt nitrate 0-000079. These numbers are to 
be compared with the sum of the observed velocities given in the table — namely,, 
0 000048 and 0'000079 respectively. 

The agreement will be seen to be quite as good as can be expected. 
The number for the hydrogen ion in acetic acid is especially interesting, 
for it shows that, in cases where the conductivity is abnormally low, such' 
as those of acetic acid and ammonia, the ionic velocities are reduced in the 
same proportion. In such cases the mean free time of the ions (adopting 
the language of the dissociation theory) is small as compared with their 
mean paired time. They can move forward only while they are free, and 
thus their velocity is reduced, and, with it, the conductivity of the solution. 
Kohlrausch^s theory, therefore, probably holds good in every case, even if 
alcohol be the solvent, if the proper values are given to the ionic velocities - 
i.e. the values which express tlie velocities with which the ions actually 
move in the solution of the strength taken, and under the conditions of 
the experiment. 

If we restrict ourselves to the specific ionic velocities — the velocities 
at infinite dilution — we must introduce a factor measuring the ratio of tho 
actual to the limiting relative velocity of the ions. If we call this ratio Uy 
and take u and v to denote the sjjecific ionic velocities, we can express the- 
conductivity by the equation 

d (« + «)= 1-0352 X 10'^ 
n 


k 

n 


10 "’^ 

a(« + «)X-j,0352 


or 
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The coefficient a is thus given by the ratio between the actual mole- 
cular conductivity of the solution and its value at infinite dilution, and 
can therefore be readily determined. 

The velocities of the ions may be reduced by an increase in frictional 
resistance, by a diminution in the fraction of the dissolved substance 
which is, at any moment, active, or by a combination of both these causes. 
In dilute solutions the resistance offered by the liquid to the passage of 
the ions through it is probably sensibly the same as in pure water ; but 
when the proportion of non -ionised molecules becomes considerable, we 
cannot assume that this is the case. Arrhenius’ experiments on the con- 
ductivity of jelly solutions,^ while they certainly show that the ionic 
friction does not depend on the molar viscosity of the medium, do not prove,, 
as usually seems to be assumed, that it is not affected by the addition of 
more of the electrolyte, which would cause a molecular change. 

While the solution is dilute enough for the friction to be taken as^ 
constant, however, the coefficient. a can be given a very simple physical 
meaning. The fraction which expresses the ratio of the actual to the- 
limiting velocity of the ions must then also express the fraction of 
its time during which, on tlie average, any ion remains active ; that is, it 
must express the fractional number of molecules which are, at any 
moment, in a state of activity. This fractional number may be called the 
coefficient of ionisation. 

Thus, although we can, if we like, always put Kohlrausch’s theory in^ 
the form shown in our last equation, the constant u will only have a 
definite physical meaning when the solution is so dilute that the ionio 
viscosity keeps constant. This caution is necessary, for it seems to be 
universally assumed that rf, as deduced from the ratio of the actual to^ 
the limiting conductivity, always expresses the ionisation of the solution,, 
whatever its concentration may be, although for fairly strong solutions no 
convincing evidence has been adduced in favour of the assumption made, 
Tt is possible that some of the discrepancies between the ionisation as 
found from the conductivity and as deduced in other ways— as, for example, 
from the depression of the freezing point — may be due to this cause. 

On the other hand, the equation given on p. 229, in which u and v 
denote the actual velocities of the ions under the conditions of the experi- 
ment, probably holds good whatever be the concentration of the solution, 
and this gives the simplest and most certain form of Kohlrausch’s theory. 

The fact that the molecular conductivity of aqueous solutions becomes,, 
in general, constant as the dilution gets very great shows that the veloci- 
ties of the ions must then become independent of the concentration of the 
solution. This seems to offer strong evidence in favour of the view that 
the ions are free from each other, which is also indicated by the fact that 
the specific velocity of an ion at great dilution comes out the same 
whatever be the nature of the other ion present. 

If the ions are not free, the alternative is to suppose that they move 
forward by taking advantage of a collision between two solute molecules by 
means of which an interchange of ions may occur, and each makes a step 
in advance. Now the frequency with which such collisions would happen 
must vary as the square of the concentration ; and, since the quantity of 
electricity conveyed must also depend on the number of ions present, the 
conductivity would vary as the cube of the concentration. The motion of 
the ions cannot, therefore, depend on collisions between the molecules of 


British Association Beport, 1886, p. 344. 
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dissolved matter. It must be an independent motion, and the ions must 
be dissociated from each other. It will be noticed that there is nothing 
to show that the ions are not combined with solvent molecules, and there 
seems reason to suppose that such may be the case. 

We may conclude, from the experimental confirmation described 
above, that the velocity of an ion, as calculated by Kohlrausch’s theory 
from the conductivity, really does represent the actual speed with which, 
on the average, the ion makes its way through the solution. We can 
therefore apply the theory with confidence to cases in which the experi- 
mental confirmation would be difficult or impossible. 

If we know the specific velocity of any one ion, we can, from the con- 
ductivity of very dilute solutions, at once deduce the velocity of any other 
ion with which it may be combined, without having to determine the 
migration constant of the compound, which is a matter involving consider- 
able trouble. Thus, taking the specific ionic velocity of hydrogen as 
0-0032 cm. per second, we can, by determining the conductivity of dilute 
solutions of any acid, at once find the specific velocity of the acid radicle 
involved. Or, again, since we know the specific velocity of the silver ion, 
we can find the velocities of a series of acid radicles at great dilution by 
measuring the conductivity of their silver salts. 

By such methods Ostwald, Bredig, and other observers have found the 
specific velocities of many ions both of inorganic and organic compounds, 
and examined the relation between constitution and ionic velocity. A 
full account of such data will be found in a paper by Bredig in vol. xiii. of 
the ‘ Zeitschrift fur physikalische Chemie,’ p. 191. The velocities are 
calculated from the conductivities measured in terms of mercury units, 
and so must be multiplied by 110 x 10~’ if they are wanted in centimetres 
per second. 

The velocity of elementary ions is found to be a periodic function of the 
atomic weight, similar elements lying on similar portions of the curve. 
The curve much resembles that giving the relation between atomic weight 
and viscosity in solution. For complex ions the velocity is largely an 
additive property ; to a continuous additive change in the composition of 
the ion corresponds a continuous but decreasing change in the velocity. 
Thus Ostwald’s results for the anions of the formic acid series give 

Diif. for CH, 


Formic acid 

. IICO.. 

51-2} 

~12-9 

Acetic „ 



- 40 

Propionic „ 



Butyric „ 



— f'> 5 

Valeric „ 


28-8} 

- 20 

Caproic ,, 


27-4} 

- 1-4 


Bredig finds similar relations for every such series of compounds which 
he examined. Isomeric ions of analogous constitution have equal 
velocities. A retarding effect is, in general, produced by the replacement 
of H by Cl, Br, I, Me, NH2 or NO2 : of any element by an analogous one 
of higher atomic weight (except 0 and S) ; of NH3 by H2O ; of (CN)^; by 
(CgOjla i change of amines into acids ; of sulphonic acids into 

carboxylic acids ; acids into cyanamides, dicarboxylic into monocarboxylic 
acids ; and by monamines into diamines. The additive effect is, however, 
largely influenced by constitution. Thus in metamerides the velocity 
increases with the symmetry of the ion, especially as the number of 
C— N unions gets greater. 
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Diffusion of Electrolytes . — An application of the theory of ionic velocity 
due to Nernst ^ and Planck ^ enables us to calculate the diffusion constant 
of dissolved electrolytes. According to the molecular theory, diffusion is 
due to the motion of the molecules of the dissolved substance through the 
liquid. When the dissolved molecules are uniformly distributed, the 
osmotic pressure will be the same everywhere throughout the solution, 
but if the concentration varies from point to point, the pressure will vary 
also. There must, then, be a relation between the rate of change of the 
concentration and the osmotic pressure gradient, and thus we may consider 
the osmotic pressure gradient to be analogous to a force driving a body 
through a viscous medium. 

In the cases of non-electrolytes and of all non-ionised molecules this 
analogy completely represents the facts, and the phenomena of diffusion 
can be deduced from it alone. But the ions of an electrolytic solution can 
move independently through the liquid, even when no current flows, as the 
truth of Ohm’s law for electrolytes indicates. They will therefore diffuse 
independently, and the faster ion will travel quicker into pure water in 
contact with a solution. The ions carry their charges with them, and, as a 
matter of fact, it is found that, in general, water in contact with a solu- 
tion takes with respect to it a positive or negative potential, according 
as the positive or negative ion travels the faster. 

This process will go on until the simultaneous separation of electric 
charges produces an electrostatic force strong enough to prevent further 
separation of ions. We can therefore calculate the rate at which the 
salt as a whole will diffuse by examining the conditions for a steady state, 
in which the ions diffuse at an equal rate, the faster one being restrained 
and the slower one urged forward by the electric forces. 

Let us imagine that we have an aqueous solution of some electrolyte 
at the bottom of a tall glass cylinder with pure water lying above it. In a 
layer of liquid at a height x let the concentration {i.e. the number of 
gram-molecules per cubic centimetre) be c, and the osmotic pressure 
At a height x -1- dx these become c — dc and ']) — dp respectively. The 
volume of the layer cut off by horizontal planes at these heights is qdx^ 
where q is the area of cross-section, and this volume contains cqdx 
gram-molecules of electrolyte. The difference of osmotic pressure between 
the planes is dp, so that, on our analogy, we must imagine that the 
force acting on the layer is — qdp (the negative sign being taken 
because the force is in the direction in which p decreases) and the 

force on one gram- molecule is — ^ Now from the velocities of the 

c dx 

two ions under unit potential gradient, as found by Kohlrausch’s theory, 
it is easy to deduce the velocity with which they will travel when unit 
force acts on them. Let us call these velocities LI” and V for the kation 
and anion respectively. The actual velocities in our case will therefore 

be-H t and -It- 

c dx c dx 

of the cylinder in a time dt are 

dt and- 
dx 


so that tlie amounts passing any cross-section 




-Yq dt 

dx 


* Zeiis. physikal. Clievi. vol. ii. p. 613. Account in Nernst’s Theoretuche Chemie, or 
Whetham's Solutimi and Electrolysis. 

“ Wied. Ann,. 1890, vol. xl. p. 661. 
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If TJ is different from V a difference of potential is set up, the effect 
of which, when a steady state is reached, is to make the ions travel to- 


If the potential gradient is ^ the numbers of the two ions which 


gether. 

would cross, under the action of this force alone, are 

-Vqe ~ dt and+ Nqe ^ dt. 

ax ax 

Under the influence of both the osmotic and the electric forces the 
number of gram-equivalents which diffuse in a given time must be equals 
so that we get 

(I +.f)= -%*(!_, 


dx. 


h 


dt. 


or eliminating dVjdx^ 

2 UV 

U + V^ dx 

For dilute solutions we may assume that the gaseous laws hold good, so 
that 

^;=cIlT, 

c, the concentration, being the reciprocal of the volume in which one 
gram-molecule is dissolved. 

/, <m= BT5 dt. 

U + V ^ dx 

We shall need the intermediate steps of this investigation when we 
consider Nernst’s account of contact diflerences of potential ; but it haa 
been pointed out to the writer by Professor Fitzgerald that, when the 
electrostatic forces make the opposite ions diffuse at equal rates, this last 
equation merely expresses the fact that the resistance offered by the liquid 
to the passage of an electrolyte is the sum of the resistances offered to the 
passage of its ions — a result which we should naturally have expected from 
the general properties of electrolytic solutions. 

Thus, on the osmotic pressure analogy, the force acting on one gram- 

molecule of hydrochloric acid is — - ; so that, if we call k the resistance 

offered when the velocity is unity, the average velocity will be — ^ — 

ck dx^ 

and the number of gram -molecules crossing a section of the cylinder in one 
second will be 

1 dp 
ck dx 




. cq dt= — dt. 

k dx 


Now the osmotic pressure of an electrolyte with two ions is double the 
normal value, so that 

^=2cRT, 

and we get 

7 XT 2RT dc 7 . 

— - q - dt. 

k doc 

The resistances to hydrogen and chlorine moving with unit velocity are 
1 / U and 1 /V respectively, so that the resistance to liydrochloric acid is 

u^v uv ’ 
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and we get the same equation as Nernst — 


d:]sr= 


•2U\r 

u+v 


dx 


dt. 


From the general theory of diffusion we may take the quantity of sub- 
stance diffusing through unit area in one second to be proportional to the 
gradient of concentration, so that the quantity crossing an area ^ in a time 
dt is 

(ZN=-D<?* dt 
dx 

where D is a constant. 

By comparing this with our last equation, we see that, for electrolytes, 
the diffusion constant is given by the expression 


D= 


2VY 
U + V 


RT. 


T is the absolute temperature, R the gas constant corresponding to one 
gram-equivalent of substance (viz. 1*974 calories per degree or 8*29 xlO^ 
ergs per degree), so that it only remains to calculate U and V, the 
velocities with which the ions move under the action of unit force. 

We have already seen that the charge of electricity carried by one 
gram-equivalent of a kation is +I/ 77 , and the charge on one gram- 
equivalent of an anion is — 1 /> 7 , where y) represents the electro-chemical 
equivalent of hydrogen. The quantity of electricity associated with one 
gram-equivalent of any ion is therefore 1/*00010352=9653 electro- 
magnetic units. If the potential gradient is one volt (10'^ C.G.S. units) 
per centimetre, the force acting on this gram-equivalent will be 9,653 x 10*^ 
dynes. This, in dilute solution, gives the ion its specific velocity, say n. 
Thus the force required to give the ion unit velocity is 

-D 9*653 xlO'i 9*84xlOS-i • 

Pa= - dynes = kilograms weight. 

u 


If the ion have an equivalent weight A, the force producing unit 

lO'i 

velocity when acting on one gram is Pi=9*84x-t — kilograms weight. 

Thus, in order to drive one gram of potassium ions with a velocity of one 
centimetre per second through a very dilute water solution, we must exert 
a force equal to the weight of 38,000,000 kilograms. The table gives 
other examples.^ 



Kilograms Weight 

- 

Kilograms Weight 

Pa 

Pi 

Pa 

Pi 

K . 

15 X 10« 

38 X 10« 

Cl . 

14x10* 

40 X 10* 

Na . 

22 „ 

95 „ 

I 

11 „ 

11 

Li . 

27 „ 

390 „ 

NO 3 . . 

15 

26 „ 

NH, . 

16 „ 

83 

OH . 

6-4 „ 

32 „ 

H . . I 

31 „ 

310 


27 „ 

46 

Ag . 

17 

10 

C 3 HA » 

30 „ 

41 


• Kohlrausch, Wied. Ann, 1893, vol. 1. p. 385. 
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Since the ions move with uniform velocity, the frictional forces 
brought into play must be equal and opposite to the driving forces acting, 
and therefore these numbers also represent the ionic friction coefficients 
in very dilute solution at 18° C. 

Let us now return to the consideration of the velocity. We have seen 
that the force acting on one gram-equivalent of an ion, when the poten- 
tial gradient is one volt per centimetre, is 9,653 x 10® dynes, and that, in 
dilute solution, this gives to the ion its specific velocity u. The velocity 
it would attain under unit force will therefore be 

U = - X 10“^ cms. per second. 

ybo3 

In the case of hydrochloric acid, for example, the specific velocity of the 
hydrogen is 0-0032, and that of the chlorine 0*00069 cm. per second. 

,*.U=3*32 X 10~^®, and V=7-15 x 10~^® cms. per second. 

.•.D=4^XrT=2-49 

u+v 

the velocities, for convenience, being reckoned in centimetres per day. 

By experiments on diffusion this constant D can be found experi- 
mentally,^ and the agreement between theory and Scliefler’s observations 
is shown by the table. 


Substance 

D observed 

D calculated 

xjhloric acid, HCl .... 

2-30 

2*49 

h acid, HNO 3 

222 

2*27 

Potash, KOH 

1*85 

2*10 

Soda, NaOH ...... 

1*40 

1*46 

Sodium chloride, NaCl .... 

1*11 

1*12 

Sodium nitrate, NaNOj .... 

1*03 

1*06 

Sodium formate, NaCOOH 

0*96 

0*96 

Sodir -'‘etate, NaCOjCHg , 

0*78 

0*79 

Amr .m chloride, NH 4 CI . 

1*33 

1*44 

Pc lum nitrate, KNO 3 

1*30 

1*38 


The theoretical numbers are slightly increased by the assumption that 
the ionisation of the solutions is complete, which is not accurately the 
case. This correction, then, would make the agreement still better. 

The possibility of thus calculating the diffusion constant must be 
regarded as very strong evidence in favour of the soundness of the 
analogy underlying the investigation. 

Further developments for the cases of other solvents and of mixed 
electrolytes have been traced by Arrhenius, ^ who shows, for example, 
that the rate at which hydrochloric acid diffuses will be increased by the 
presence of one of its salts. This is confirmed experimentally. Thus, 
when 1-04 normal HCl diffuses into 0*1 NaCl, D is calculated as 2*43 and 
observed as 2-50 ; and when the NaCl solution is 0*67 normal, calculation 
gives 3 58 and observation 3*51. 

Contact Difference of Potential . — As we have seen above, when a 
solution is placed in contact with water, the water will take a positive or 

* Account in Solution and Electrolysis, p. 49. 

* Zeits. physikal. Chem. 1892, vol. x. p. 51. 
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negative potential with regard to the solution, according as the kation or 
the anion has the greater specific velocity and, therefore, the greater initial 
rate of diffusion. This idea can be developed to explain the difference of 
potential at the surface of contact of two solutions or of a solution and a 
metal. 

Taking the equation which expresses the relation that, when a steady 
state is reached, the ions migrate at equal rates, viz. — 

we get 

dF^l V^U dp, 
dx c V + U ■ dx ^ 
or, since for dilute solutions 7 j=cRT, 

dx p V + U 
which gives on integration 

P.-P,=RT^;U 

If we have absolutely pure water in contact with a solution, is zero, 
and the difference of potential apparently becomes infinite. Absolutely 
pure water cannot be obtained, and the table of Nernst^s experimental 
results, given on p. 242, shows too small a range of concentrations to fairly 
test this equation. Nevertheless, cases will be described later in which 
high potential-differences were observed when the concentration of the 
ions on one side was made very small. 

When the solutions of two different electrolytes are placed in contact, 
similar things occur. Thus (Nernst) let us suppose that we have a 
solution of hydrochloric acid in contact with one of lithium bromide. On 
the one hand more hydrogen ions than chlorine ions will diffuse from the 
acid solution into the other, and therefore the salt solution will receive a 
positive charge. On the other hand, more bromine ions than lithium ions 
will diffuse from the salt solution into the acid, and thus the potential 
difference will be increased. 

When a metal dissolves in a solution, Nernst traces an analogy with 
the evaporation of a liquid. He ascribes to each metal a ‘ solution -pres- 
sure ^ with regard to water, depending only on the temperature, which 
tends to drive the metal into solution in the form of positively charged 
ions. But this process will electrify the solution positively, and leave 
the metal negatively charged. Electric forces will therefore be set up, 
which oppose the further solution of the metal, and seek to drive back 
to it the ions already in solution. The electrostatic capacities of the ions 
are very great, and hence equilibrium may be reached long before a weigh- 
able quantity has been dissolved. 

As the quantity of ions in solution increases, we may get equilibrium 
set up, the solution pressure being balanced by the osmotic pressure of 
the dissolved ions and the electrostatic forces of their charges. This 
happens, for example, when silver is dipped into a solution of sodium 
chloride. If, however, the solution pressure is very great, the electric 
forces may reach such an amount that positive ions must be driven out of 
the solution. Such cases occur when hydrogen is evolved from acids or 
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one metal precipitated from its solution by another. In each case an 
electrically equivalent amount of the metal is dissolved. 

When hydrogen is evolved, it is first dissolved by the metal, from 
which it separates in an electrically neutral form as soon as its concentra- 
tion is high enough to give it a vapour pressure exceeding one atmosphere. 
The process can be arrested by the application of an atmospheric pressure 
sufficiently great, and this gives a measure of the solution pressure of the 
metal used. Experiments are difficult, but Beketoff ^ and Brunner ^ have 
shown that hydrogen at a high pressure can precipitate silver, platinum, 
and palladium ; Caillctet ^ arrested its evolution from zinc and sulphuric 
acid, while Ncrnst and Tammann have examined the action of other 
metals. 

The electromotive force developed at the contact of a metal and a 
solution of one of its salts has been deduced by Nernst by considering the 
work done when one unit of electricity passes, but it seems that the same 
result can be obtained from the equation giving the potential difference 
between the solutions of an electrolyte of different concentration, which 
we have already developed in the form 


If we suppose that in the case of a metal we are concerned with one 
ion only —the positive one — we can put V = O, since no negative ions 
enter or leave the metal, and the equation becomes 


E = - 

Pi 

where ^2 denotes something corresponding to the osmotic pressure of 
the kations in the substance of the electrode, which gives its solution 
pressure P. Thus, neglecting the negative sign, we get 

E = RT%.? 

P 

p denoting the osmotic pressure of the ions of the metal in the solution. 

In a simple galvanic cell of any ordinary form there are two metals, 
eay zinc and copper, in contact with the same solution of electrolyte. The 
equation then becomes 

e = rt(%.?.‘-%,^A 

\ Pi Pi! 


where Pi and 79 1 refer to the zinc, and P2 and to the copper. In two 
fluid cells, such as the Daniell, since the electromotive forces at the 
electrodes are much greater than at the contact of the liquids, the same 
equation may still be. applied. 

Galvanic cells can be constructed with two electrodes of the same metal 
placed in solutions of different substances, or even of the same substance 
at different concentrations. In this case, since the unknown solution 
pressure of the metal is the same at the opposite electrodes, we can calcu- 
late the total electromotive force of the cell . 


* Compt. Rend. vol. xlviii. p. 442 (1859). 

* Pogg. Arm. vol. exxii. p. 153 (1864). 

* Compt. Rend. vol. Ixviii. p. 395 (1869). 

^ Zeits. physikal. Chem. vol. ix. p. 1 (1892). 

* Zeits. phynlial. Cliem. vol. iv. p. 148 (1889). 
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Thus, taking a combination arranged according to the scheme 

Ag I 0-1 AgNOa I 0-01 AgNOa | Ag 

in which silver electrodes are placed, one in decinormal and one in centi- 
normal solutions of silver nitrate, we get from the sum of the electromotive 
forces of its various junctions 


E = IIT 



V-U 

v+u 



=:RT 


v+u 


Pi 


where py and denote the osmotic pressures of the silver ions in 
decinormal and centinormal solutions of silver nitrate respectively. 

In the scheme 


Hg I Hg.Cl^ I 01 HCl I 0-01 HCl 1 Hg,Cl, | Hg 

we have the first and the last contact identical, so that we may consider 
bhe ‘ depolariser,’ mercurous chloride, as the electrode, and thus get a cell 
whose action depends on the negative chlorine ions. Its electromotive 
force will be 

E= ET:f 

TJ+V jj 

By this method the following table was constructed by Nernst,^ giving 
\ comparison between the observed and calculated values of the electro- 
[notive force of concentration cells. Cj and Cg denote the concentration 
Df the two solutions in gram-equivalents per litre. 


Electrolyte 

Cx 

C 2 

E in volts 
(observed) 

E in volts 
(calculated) 

IICl . 

0 105 

0 01 80 

0 0710 

0 0717 

. 

01 

0-01 

0 0926 

0 0939 

HBr . 

0 126 

0-01,32 

0 0932 

0-0917 

KCl . 

0125 

0-0125 

0-0532 

0-0542 

NaCl . 

0-125 

0-0125 

0 0402 

0-0408 

LiCl . 

0-1 

0-01 

0-0364 

0 0336 

NH4CI 

01 

0 01 

0-0646 

0 0531 

NaBr 

0 125 

0 0125 

0 0417 

0 0401 

NaO,C,H3 . . 

0 125 

0-0125 

0 066 

00604 

NaOII 

0 235 

0-030 

0-0178 

00183 

NH^OH . 

0-305 

0-032 

0 024 

0 0188 

KOH . 

j 0-1 

0-01 

0 0348 

0 0298 


The equations indicate that, in cells with both electrodes of the same 
netal, the electromotive force will be greater if the concentration of the 
ons of the metal in the solution round one electrode is made very small. 
This can easily be done by placing the electrode in a solution which pre- 


1897. 


^ Zeits. Cliem. vol. iv. p. 161 (1889). 
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cipitates the metal. Thus Ostwald ^ found that the electromotive force 
of the cell 

Ag 1 0*1 AgNOa 1 1*0 KCl | AgCl | Ag ^ 

was 0*51 volt. Here the osmotic pressure of the silver ions in the solu- 
tion of potassium chloride is very small to begin with, and is still further 
reduced because the solubility of the silver chloride is lowered by the 
presence of chlorine ions. The pressure can be calculated, and an appli- 
cation of Nernst’s formula leads to a theoretical value for the electro- 
motive force of 0*52 volt — a remarkable agreement with the observed 
value. 

Other similar cells, giving high electromotive forces with identical 
electrodes, were examined by Ostwald. 


1. Silver nitrate (0*1) against silver chloride in potassium chloride 

Volt. 

. 0-61 

2. 


„ ammonia ..... 

. 0-64 

H. 

» 

„ silver bromide in potassium bromide 

. 0-64 

4. 

» 

„ sodium thiosulphate 

. 0-81 

6. 

„ 

„ silver iodide in potassium iodide . 

. ()-91 

6. „ 


„ potassium cyanide . 

. 1 31 

7. 


„ sodium sulphide .... 

. 1-36 


Comparisons of other cells, in all cases showing an agreement between 
the observed values and those calculated on the analogy of Nernst and 
Planck, will be found in the second volume of Ostwald’s ‘ Lehrbuch,' 
pp. 848, 850. 

The number of silver ions can also be reduced by adding some sub- 
stance which, by combining with them, removes them from solution. 
This is shown by the fact that cells Nos. 2, 4, and 6 in the above list have, 
like the others, high electromotive forces. 

Other metals have been used as electrodes by Zengelis,^ who showed 
that, in many cases, the electromotive forces of cells whose electrodes 
were copper, lead, nickel, or cobalt were greater the more the concentra- 
tion of the ions round one electrode was depressed by the addition of a 
salt. 

Hittorf has even shown that the effect of a cyanide round a copper 
electrode is so great that copper becomes electropositive towards zinc. 
Thus the cell 

Cu I KCN I K,S 04 i ZnS 04 | Zn 

furnishes a current which carries copper into solution and deposits zinc. 
In a similar way, silver could be made positive towards cadmium. 

If we know the concentration of the ions round one electrode, it is 
possible to calculate them round the other from observations on the 
electromotive force, and this has been done by Behrend.® 

The same ideas have been applied by Le Blanc ® to the study of gal- 


* LehrhtusTi^ 2nd ed. vol. ii p. 882, 

* In order to prevent the formation of a precipitate an indifferent substance, e.g, 
KNO„ is interposed between the AgNO, and the KCl. 

® Zeits. physikal. Chem. vol. xii. p. 298 (1893). 

^ Zeits, phygikal. Chem. vol. x. p. 692 (1892). 

* Zeiti. fhysikaU Chem. vol. xi. p. 466 (1893). 

® ZeiU, 'phygikal. Chem. vol. viii. p. 299; vol. xii. 333 ; vol. xiii, 163 (1891-94). 
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vanio polarisation. He finds that, at the decomposition point in a 
solution from which a metal is deposited at the kathode, the electro- 
motive force of polarisation at this electrode is equal to the electrolytic 
solution pressure of the metal in the solution, and is independent of the 
nature of the electrode, provided it is not attacked. The numerous 
apparent exceptions to this rule are referred to secondary effects, such as 
the development of gases at the electrodes, which cause the electromotive 
force necessary for their liberation to depend on the nature and condition 
of the electrode. This, for example, makes the decomposition limit of 
water rise to about 1'6 volt ; but when these effects are eliminated, it is 
found that the true value comes out as 1*03 volt. Now 1*03 volt is the 
maximum electromotive force of the oxy-hydrogen gas battery ; and thus 
the decomposition of water is a reversible process at 1 *03 volt. 

Freudenberg ^ has applied the theory to the electrolytic separation of 
metals, and finds that metals are separated from a solution, through which 
a constantly increasing current flows, in the reverse order of their ^ decom- 
position pressures.^ They can often be thus separated for quantitative 
chemical analysis. The influence of the solvent on the solution pressure 
of metals has been investigated by H. 0. Jones, ^ who examined cells 
whose electrodes were silver in solutions of silver nitrate of equal strength, 
the solvent round one electrode being water, and round the other ethyl 
alcohol, methyl alcohol, or acetone. In all cases the water solution was 
negative to the other. The ionisation of the salt in ethyl alchohol being 
known, the ratio of the solution pressures can, in this case, be calculated, 
and comes out 0*024. 

Much discussion has taken place about the exact significance of the 
^solution pressure’ of a metal — the property represented by P in Nernst’s 
equations. Following Nernst, Ostwald considers that P is a function 
of the metal and temperature only, and consequently independent of the 
nature of the negative iron. Measurements of the potential differences 
at single reversible junctions — i.e. when the kation is of the same metal as 
the electrode — have been made by Le Blanc and Neumann.^ The latter 
measured the electromotive forces of cells made up with the junction in 
question at one electrode, and mercury in a normal potassium chloride 
solution with an excess of calomel at the other. The normal mercury 
calomel electrode has a potential difference of 0*560 volt, and thus the 
value of the other contact could be found, the potential difference between 
the liquids being assumed to be small. Neumann found that at great 
dilution the potential difference was in general independent of the anion ; 
but Paschen, Bancroft, and other observers, working with metals in 
solutions not of their own salts, which there is reason to suppose form 
limiting cases of the reversible electrodes and are subject to the same laws, 
have found that the potential difference does, when the metal is copper, 
platinum or mercury, depend on the anion. Many experiments on cells 
containing non-reversible electrodes have been made to determine the 
influence of the nature of the ions and of concentration. Among these 
experiments we may mention those of Paschen,'^ Ostwald, Oberbeck and 

* Zeits. physikal ('hem. vol. xii. p. 97 (1803). 

= Zeits. physikal. Cheni. vol. xiv. p. 1346 (1804). 

* Zeits. 2 >hysikal. Cheni. 1893, vol. xii. p. 345. 

* Zeits. physikal. Chem. 1894, vol. xiv. p. 225. 

* Wied. A?i?i. 1891, vol. xliii. p. 500. 

® Zeits. physikal. Cheni. 1887, vol. i. p. 583. 
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Edler,^ Bancroft, ^ and A. E, Taylor.^ Taylor finds reason to suggest that 
the differences found by some of the observers on changing the anion 
may be due to large potential differences at the surface of contact of the 
two liquids in the cells. He finds that such differences arise in cases, 
where there is a tendency to form complex salts. Moreover, it has been 
found by Gouy,^ Rothmund,® and Luggin® that the maximum surface 
tension of mercury is not the same in all solutions, as Lippmann’s law 
supposes, but varies in cases where complex salts might be formed. Now 
the values taken for the potential difference at a contact between mercury 
and solution depend on this result, and so an error is introduced into 
many of the observations which depend on the subtraction of this 
potential difference from the total electromotive force of a cell. Such con- 
siderations may possibly explain exceptions to the rule that the potential 
difference between a metal and an electrolyte is independent of the nature 
of the anion. More experiments on the subject, particularly with rever- 
sible electrodes, would be of great value. 

In a general review of the results of this theory of the migration of 
the ions, the agreement between calculation and observation is most re- 
markable. The experimental measurements of the absolute velocities of 
various ions, which have been described, fully confirm the general truth 
of the theory, and leave no doubt that the values calculated from the con- 
ductivities and migration constants give the real average speeds with 
which the ions travel. 

The ability of Kohlrausch^s theory to represent the facts being thus, 
established, it must follow that, in dilute solutions, the motion of one ion 
is independent of the nature of the other ion present. This suggests that 
the ions are free from each other for, at any rate, the greater part of their 
time, and this idea is, as we have seen, confirmed by the fact that the con- 
ductivity of a dilute solution is proportional to the concentration, whereas, 
if the ion were free only at the instants of collision between dissolved 
molecules, it would vary as some higher power of the concentration. 

Further evidence, pointing in the same direction, is furnished by the* 
general success of Nernst and Planck’s theory of the diffusion of electro- 
lytes, and of the contact difference of potential between solutions. The 
numerical deductions from this theory, which agree in general with the 
results of experiment, involve (i.) the specific ionic velocities, as determined" 
by Kohlrausch, and (ii.) the freedom of the opposite ions to migrate inde- 
pendently of each other until the electrostatic forces prevmit further 
separation. Thus we seem obliged to accept the idea, originally suggested 
and strongly supported by other phenomena outside the scope of this 
section of the Report, that the ions not only enjoy perfect freedom of 
interchange, as Ohm’s law demands, but are actually dissociated from 
each other for, at any rate, the greater part of their existence. It must 
be particularly noticed that this freedom from each other does not at all 
prevent the ions from forming chemical combinations with the solvent 


* Wied. Ann. 1891, vol. xlii. p. 209. 

^ Ze-its. physihal. Chem. 1893, vol. xii. p. 289; Physic I /Zeruvr, 1896, vol. iii. p.250'. 
’ Jouriud Physical Chemistry^ 1896, vol. i. pp. 1, 81. 

< Cornpt. Pend. 1892, vol. cxiv. pp. 22, 211, 667. 

® Zeits. physikal. Chevi. 1894, vol. xv. p. 1. 

« Zeits. physikal. Chem. 1896, vol. xvi. p. 667. 
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molecules. Neither docs it throw any lii^ht on the fundamental nature 
of solution. It has been very generally assumed that the dissociation 
theory of electrolytes was necessarily bound up with a view oE solution 
which considers the dissolved matter to be in a state dynamically similar 
to that of a gas, and to produce osmotic pressure by the impacts of its 
molecules, just as a gas produces pressure on the walls of its containing 
vessel. 

Now Poynting ' has shown that the phenomena of osmotic pressure 
can, on certain not improbable assumptions, be completely represented by 
the hypothesis that chemical union occurs between the solvent and the 
dissolved matter. In the present state of our knowledge the dissociation 
theory of electrolytes seems perfectly compatible with such an explanation. 
All that follows from the facts is the essential freedom of the ions from 
each other. Whatever be the cause of osmotic pressure, it certainly de- 
pends, to a first approximation, at all events, on the number of dissolved 
molecules, and not on their nature, and thus, whether it be due to impact 
or to chemical union, it will have an abnormally great value when, as in 
the case of electrolytes, the number of effective molecules is increased by 
dissociation. 

Again, the theory does not forbid the assumption that complex mole- 
cular aggregates, formed of two or more solute molecules, may exist, 
especially in concentrated solutions, as well as dissociated ions. Such 
molecules would be electrolytically inactive, unless an odd ion was linked 
to them. They would also, as has been suggested by Wildermann and 
others, explain a lowering of the freezing point less than that calculated 
from the conductivity. 

It has been found that the specific resistance of many liquids, including 
water (i.e. a dilute solution of electrolytes), increases when the electrodes 
are brought within a certain critical distance of each other.^ Similar 
phenomena have been observed in the case of gases, through which an 
electric discharge was passing, by Lord Kelvin, Bailie, and Peace, and 
this has been explained by J. J. Thomson on the hypothesis that a com- 
plete chain-like structure is necessary for electrolytic conduction, which 
cannot occur unless there is room for such a chain to form. It is possible 
that the same explanation may hold good for liquids, the necessary 
electrolytic unit being a complex structure formed of a dissociated ion 
and several solvent molecules. From what has been said, it will be seen 
that there is nothing inconsistent with this idea in the dissociation 
theory. 

To sum up the i*esults of this section, we may say that, whatever may 
be the ultimate nature of solution, it seems certain that the electrolytic 
ions migrate in accordance with Kohlrausch's theory, and, in a homo- 
geneous solution, are free to travel independently of each other through 
the liquid. 

* PJdL Mag, 1896, vol. xlii. p. 289. 

See letters in Nature, 1896, vol. liv. p. 671 ; vol. Iv. pp. 33, 78, and 160. 

3 Roller, Wu^?L Ber. 1889, vol. 98, ii. p. 201. 

* See J. J. Thomson’s Becent Researches in Electricity, p. 72. 
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The Historical Development of Ahelian Functions up to the time of 
Biemann. Bij Harris Hancock. 

[Ordered by the General Committee to be printed in extcnso among the Reports ] 

(1) In 1846, R. Leslie Ellis ^ presented to the British Association a 
‘ Report on the Recent Progress of Analysis (Theory of the Comparison of 
Transcendents).' At the beginning of this memoir he says : ‘The province 
of analysis, to which the theory of elliptic functions belongs, has within the 
last twenty years assumed a new aspect ; in no subject, I think, has our 
knowledge advanced so far beyond the limits to which it was not long 
since confined.’ ‘ This circumstance,’ he continues, ‘ would give a particular 
interest to a history of the recent progress of the subject, even did it now 
appear to have reached its full development. But on the contrary, there 
is now more hope of further progress than at the commencement of the 
period of which I have been speaking.’ 

These statements appear more emphatic when wo consider that after 
the lapse of fifty years, since the publication of Ellis’s report to the present 
time, the same remarks are literally true, and when at the end of this 
period we find that there is more hope for the future progress of analysis, 
the theory of functions, than there has ever been before. 

So great has been the growth of this science, extending on the one hand, 
and with a broadening influence, far into the realms of almost every 
branch of mathematical study, and on the other hand so comprehensive 
and varied in character is its application to physical problems, that the 
development of Ellis’s 'work must be divided into many parts. 

(2) The present report which the author has the honour of submitting 
to the Association is intended as a brief account of that part of the work 
already begun by Ellis which treats of the developments of the Abelian 
(including the hyperelliptic) functions. It is also found that the develop- 
ment of these functions has been so rapid and so extended that an ade- 
quate account of it would require much more space than can be given here. 
The author has consequently decided to make this statement for the period 
up to the time of Riemann. With Riemann, Weierstrass, Clebscli and 
Gordan, Cayley and others, the subject takes directions so essentially different 
that separate accounts along these different lines seem very desirable. 

Much regarding the history of the general theory of functions may be 
found in Forsyth, ‘ Theory of Functions ’ ; Harkness and Morley, ‘ A 
Treatise of the Theory of Functions ’ ; Casorati, ‘ Teorica delle funzioni di 
variabili complesse ’ ; Brill and Nother, ‘ Die Entwicklung der algebrai- 
schen Functionen in alterer und neuerer Zeit’ (see ‘ Jahresbericht der 
deutschen Mathematiker-Vereinigung,’ 1894, bd. iii.). Fruitful sources 
for researches regarding the elliptic functions are Konigsberger, ‘ Zur 
Geschichte der Theorie der elliptischen Transcendenten in den Jahren 
1826-29,’ Leipzig, 1879 ; short notices about the first discovery of elliptic 
functions are given by Gauss, ‘ Werke,’ iii. p. 491 ; ‘ Correspondance 
mathdmatique entre Legendre et Jacobi’ (Crelle’s Journal, bd. Ixxx. 
p. 205) ; and especially good is the account given by Enneper, ‘ Elliptische 
Functionen : Theorie und Geschichte,’ Halle, 1890. 

These works give more or less extended accounts of the subject under 

* Ellis, Report of the Rriii^h Association for the Advancement of Science, 1846, 
p. 34. We shall hereafter the word ‘ Ellis ’ in referring to this paper. 
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consideration ; other sources of information will be cited in their proper 
places. 

(3) A good account (especially from the German standpoint) is given 
of the early development of the theory of functions by Brill and Nother 
(Zoc. cit.), I shall here consider very briefly only such parts of the theory 
of elliptic functions that have a direct bearing upon this report, omitting 
as far as possible what has already been given by Ellis. 

(4) The contributions towards the advancement of the elliptic 
functions by Tschirnhaus (1683-1700), the Bernoullis (1690-1730), 
Eagnano (‘Produzioni Matematiche,^ Pesaro, 1750) are discussed by 
Enneper (‘ Elliptische Functionen ’). 

Two works which must have exercised great influence upon subsequent 
writers are Maclaurin, ‘A Treatise on Fluxions,’ Edinb. 1742, and 
d’Alembert, * Recherches sur le calcul integral ’ (‘ Histoire de TAcad. de 
Berlin,’ 1746, pp. 182-224). 

(5) Euler extended and systematised the work that Fagnano had 
begun. It was known that the expressions for sin (a + ^), sin (a — ^8), etc., 
gave a means of adding or subtracting the arcs of circles, and that between 
the limits of two integrals that express lengths of arc of a lemniscate an 
algebraical relation exists, so that the arc of a lemniscate, although a 
transcendent of higher order, may be doubled or halved just as the arc of 
a circle by means of geometric construction. 

It was natural to inquire if the ellipse, hyperbola, etc., did not have 
similar properties ; investigating such questions, Euler made the remark- 
able discovery of the addition- theorem of elliptic integrals {cf, ‘Nov. 
Comm.’ Petrop. vi. pp. 58-84, 1761 ; vii. p. 3 ; vii. p. 83). 

Euler showed that if 

fv dj f « d( 

JoN/^(f)'^Jo J ^ 

where is a rational integral function of the fourth degree in there 
exists between the upper limits jc, y, and a of the integrals an algebraic 
relation which is the addition-theorem of the arcs of an ellipse and is the 
algebraic solution of the differential equation ^ 

-p —0, 

Euler stated that the above results were obtained, not by any regular 
method, but potitis Icnfandoy vel diviiiando, and suggested that mathe- 
maticians seek a direct proof. The numerous discoveries of Euler are 
systematised in his work, ‘ Institutiones calculi integralis.’ 

The fourth volume (p. 446) contains an extension of the addition- 
theorem to integrals of the second and third kinds, as they were sub- 
sequently classified and named by Legendre. 

In each case geometrical application of the formulae are made for the 
comparison of elliptic arcs. 

(6) The addition-tlieorem for elliptic integrals gave a similar meaning in 
higher analysis to the elliptic functions as the cyclometric and logarithmic 
functions had had for a long time. See Enneper (‘ Ellipt. Funct.,’ p. 541 
et seq,) regarding the position occupied by Euler in the development of 
the elliptic functions, and for a statement regarding Legendre’s work in 


Euler, Nov. Comm. vol. x. pp. 3-50. 
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this branch of mathematics cor^r Dirichlet^s ‘ Gedachtnissrede auf Jacobi ' 
(Jacobi’s * Werke/ vol. i. p. 9). 

(7) The suggestion made by Euler that one should find a direct method 
of integrating the differential equation proposed by him (art. 6) was 
carried out by Lagrange, who by direct methods integrated this equation, 
and in a manner which elicited the great admiration of Euler. (See 
‘ Miscell. Taurin.,' iv. 1768 ; or Serret’s ‘CEuvres de Lagrange,’ vol. ii. 
p. 533.) 

(8) The consideration of relations between integrals that have different 
moduli gave rise to a theorem due to Landen (and proved somewhat 
differently by Lagrange), in accordance with which an elliptic integral 
may be transformed into another integral of the same kind by means of 
algebraic transformations. Landen (‘Phil. Trans.,’ 1775, p. 285 ; or 
‘ Mathematical Memoirs,’ by John Landen, London, vol. i. 1780, p. 33) 
proves that in general the hyperbola may be rectified by means of two 
ellipses, with the addition of an algebraic quantity.^ 

The germ of the general theory of transformation is contained in this 
theorem, as has been observed by Legendre.'^ 

By means of algebraic tran formations Landen was able to reduce 
elliptic integrals of the first kind into forms that had the same modulus, 
and showed that an elliptic integral of the first kind could be transformed 
into an elliptic integral of the first kind with smaller modulus, or into an 
integral of the first kind with smaller amplitude and greater modulus. 

Lagrange^ showed that the integration of any irrational function 
which contains the square root of a function may be made to depend 

p /x) 

upon the integration of a function of the form where P is rational ; 

and that if eft is not higher than the fourth degree in or, the integration 
may be reduced to that of 


Ndx 

v/(l±/^a;2) (l^^y 

N denoting a rational function in and and q constants. If the 
elliptic integral be reduced to this form, Lagrange showed by the intro- 
duction of a new variable that this integral may be transformed into 
another of similar form, but in which v and q become two new quantities 
j)' and (/', and that if p is greater than q, p' becomes greater than j) and 
q' less than q. By the repetition of this process the factor corresponding 
to maybe made as near unity as we desire, and consequently the 

integral may be expressed by a circular arc or logarithm ; if, however, 
the transformations are made in the other direction, the functions corre- 
sponding to 1^^;V and 1 + gV become as near equal as we wish, and 
thus the elliptical integral reduces to a lower transcendent. 

Legendre investigated the general integral given above, 

r Vdx 

J v' a + 4- * 


* An interesting geometric construction of this transformation is found in a letter 
of Jacobi to Hermite (Jacobi’s Werke, bd, ii. p. 118). 8ce also a geometric proof by 
MacCullagh {Trans, of the Royal Irish Academy^ vol. xvi. p. 7C). 

^ See Ellis, p .37. 

• Mimoire de VAcad. de Sc , 1784-8.5; (Eueres ii. p. 2.’')3. 

‘ Ellis, p. 44. Casorati, Teorica delle funtioni^ Sec., p 6. 
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and showed that it was always possible to reduce it to one or the other of 
three forms essentially different. 

We may mention, in passing, as being among the early English con- 
tributions to the subject memoirs by Brinkley (‘Dublin Trans.’ ix. p. 145, 
1803) and Wallace (‘Edinb. Trans.’ v. p. 253). A criticism of Talbot’s 
^Researches on the Integral Calculus ’ (‘ Phil. Trans.’ 1836, p. 177, and 
1838, p. 1) is given by Ellis, p. 41. 

(9) The theory of the elliptic functions, as Abel and Jacobi ^ found it 
in 1827, offered many highly enigmatical phenomena, which could not be 
explained by the principles that were at that time in vogue. For example, 
the degree ol the equation which is found by means of Euler’s theorem, 
and upon whose solution depends the division of the elliptic integral, 
was not, as in the analogous question of the division of the circle, equal 
to the number of the parts, but to the square of this number. It was easy 
to see the meaning of the real roots, whose number agrees with the 
number we have in the division of the circle ; however, the number of 
imaginary roots must have seemed without explanation (Dirichlet, 
* Gedachtnissrede,’ p. 9). 

We shall next consider the inverse functions of the integrals which we 
have been treating. With Jacobi^ we begin with the simple algebraic 
integral 

dx . 

Jo 1-0^2 


In this expression we may either consider n as a function of the upper 
limit x, or inversely, the upper limit x as a function of u. In the first 
case, when n =sin~^ir, it is not possible to express in the form of a 
power series which is convergent for every value of x ; and for a given 
value of a?, n is not determinate, but has an infinite number of values, 
differing by multiples of 27r. But when we regard the upper limit a: as a 
function of w, and write a;=sin'?<, then x may be expressed as a series 
which is convergent for all values, real and imaginary, of and when u is 
given a definite value, then x also has a definite value, and x considered 
as a function of u enjoys all the properties of a rational function. 

The next more general algebraic integral is the elliptic integral 




dx 


s/{l-x^) (1-kV) 


=n(a:). 


As above, ?4=lT(a;) cannot be expressed by a series that is always 
convergent ; and for a given value of a; the variable iv has not a definite 
value, but a double infinity of values, differing by multiples of the periods 
of elliptic functions (see next article). 

The innate property of this integral could not be recognised if we 
considered the transcendent x alone ; but we have to regard the upper 


* Their first writings on this subject are : Abel, Crelle, bd. ii September 1827 ; 
Jacobi, two letters to Schumacher dated June 13 and August 2, 1827, in the Astrono- 
mUche Nachrichteny No. 123, vol. vi. 

Jaoobi, Contiderationet generalct de traruceTidentihus Abelianit ( Werhe^ bd. ii. 

P 8). 
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limit jc as a function of and with Legendre we write aj=sin </>, so that 
the integral above becomes 

Jos/ 1— Ain^^ 

We consider ^ as a function of w, and write 0 = amplitude of w=am(?^), 
80 that 33 = sin am (w)=sn u. 

The function a;=sn?^ enjoys all the properties of a rational fractional 
function, and, as is shown later in connection with the fl-function, the 
numerator and denominator of this fraction may be developed in rapidly 
convergent series for all real or imaginary values of u. Hence the elliptic 
function x^bxlu has one, and only one, definite value, corresponding to a 
given value of u, 

(10) Periods of the inverse functions . — Abel and Jacobi recognised 
that the elliptic functions have at the same time the nature of circular 
functions and of exponential functions in that they are periodic for both 
real and imaginary values of the arguments. They saw that the function 
cc=sn for example, remained unaltered when u is changed into + 

or into ?4 + 2K' \/ — l, where K and K' are definite constants. 

Jacobi often repeated that the introduction of the imaginary was a 
complete solution of all the enigmas that had previously beset this 
subject.^ 

The introduction of the imaginary and the necessity of treating the 
limit as a function of the integral were two great advances made by 
Jacobi and Abel. 

(11) AbeFs investigations took difierent directions from those of J acobi. 
Abel devoted himself to problems that have to do with the multiplication 
and division of elliptic integrals, their double periodicity, and their defini- 
tion by infinite products. By the help of the principle of double periodi- 
city he penetrated deeply into the nature of the roots of the equation 
upon which the division depends, and made the unexpected discovery that 
the general division of the elliptic integral with arbitrary limit may be 
performed algebraically {i.e, through the extraction of roots) as soon as 
the special division of the so-called complete integrals is presupposed 
performed. 

The simplest case of this special division is for the modulus to which 
the lemniscate corresponds ; and Abel shows that the division of the 
entire lemniscate is completely analogous to that of the circle, and may 
be performed by geometric construction in the same cases as the circle 
admits. The solution of the circle had been solved some twenty-five years 
before by Gauss, The admirers of Gauss with Dirichlet, from whom the 
above extracts have been made (loc. cit. p. 11 ), contend, from certain 
remarks (among others) made by Gauss in connection with the division of 
the circle and the lemniscate, that the principle of double periodicity was 
also known to Gauss. Some persons might, however, insist that Gauss 
too was beset by some of the enigmas above referred to, and that it was 
more likely that Gauss omitted to mention these dilemmas than to keep 
silent about the remarkable doubly periodic property of the functions 
that are connected with the lemniscate In this connection Enneper 
(‘ Elliptische Eunctionen,^ p. 7) says that it is to be regretted that Gauss 
did not communicate his remarkable discoveries to his contemporaries and 
invite their co-operation. 

* See Dirichlet, OeddMnissreds avf JaeoU (Jacobi’s Werke, i. 10). 
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Another important discovery is due to AbeFs investigations : when 
the multiplier became infinitely large in the formulae through which he 
represented the elliptic functions of a multiple argument by means of 
functions of the simple argument, he obtained remarkable expressions for 
the elliptic functions in form of infinite series that are expressed as 
quotients of infinite products.^ 

Jacobi, contemporaneously with Abel, was occupied in another part of 
the theory of elliptic functions, and with equally as great success. A 
fortunate induction of considering the transformation and the multiplica- 
tion from a common point of view, and the last as a special case of the 
first, led him to the conjecture that rational functions of any degree may 
be used to transform an elliptic integral into an integral of the same form. 
This conjecture was at once confirmed, since the number of constants 
which may be arbitrarily disposed of for any degree is sufficient to satisfy 
all conditions in order that the form of the transformed integral may 
agree with the original (cf. Dirichlet, loc. cit. p. 12). 

Jacobi also showed how the elliptic functions may be expressed in the 
form of infinite products, which may be represented by trigonometric 
series, and he further used the infinite series to express the square and 
product of these functions. These results, with the general theory of 
transformation, are systematised in the ‘Fundamenta Nova,^ Konigsberg, 
1827 ; Jacobi’s ‘Werke,’ bd. i. p. 49 ; further developments in this 
direction are mentioned by Enneper (‘Ellip. Funct.’ p. 74 ei seq.). A 
report of this work is given by Ellis (pp. 49-59). See also a paper by 
Poisson (Crelle, bd. x. p. 342). 

(12). Statement of AheVs Theorem — We write, as above, 


(I-) 


dx 

0 \/ X 


= n(x). 


If in this expression X = 1 — a'‘\ and if there exists a given algebraic 
relation + X 2 ^ := 1, then, 

(1) n(.r,) -f Il(ic. 2 ) = Constant ; 


i.c. if siii“^'> -f sin^\// = 1 then (p xp 

Further, if X= (1 — (1 — kV), and if we have given the algebraic 
relation ^ 

4 (1 - (1 - a-j'O (1 - a-/) = (2 - - x./ + 

then is 

(2) ii(x,) + n(x2) + n(x3)=o. 

From these two examples it is seen that, although in general we cannot 
integrate (T.) by means of algebraic or logarithmic functions, neverthe- 
less, we have expressions (1) and (2) for the sums of such integrals, pro- 
vided the variables that occur in these integrals are connected by algebraic 
relations. 

By Euler’s theorem, any number of elliptic integrals of the first kind may 


* See in this connection Cayley, JAouv. Journ. x. p. 385 ; also numerous papers 
in his colloctod works Heine (Crelle, bd. xxxiv. p. 122) ; Eisonstein (Crelle, bd xxxv. 
p. 163 ; Liouville {Liouv. Journ. t. ii. p. 433) ; Lipschitz {Acta Math. bd. iv. p. 193); 
Biermann {Theorie dcr a7ialytischeii Fwictimien, p. 323), &c. 

2 See a paper by Boole, ‘On the comparison of transcendents,’ Phil. Tram. 1857, 
p. 750; and also Rowe, ‘ Memoir on Abel’s theorem,* Phil. Trans. Ft. III. 1881. 
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be expressed by one such integral, where the upper limit of this integral 
is a rational function of the upper limits of the other integrals. Similar 
results are found for the elliptic integrals of the second and of the third 
kinds. For those of the second kind there enters, in addition, an algebraic 
function, and for those of the third kind a logarithmic algebraic function. 

Abel considered the integrals of any algebraic functions, and established 
a theorem for the transcendents that arise from the integrals of these 
functions, which has for them the same meaning as Euler’s theorem has 
for the elliptic transcendents. 

The question proposed by Abel is : Suppose X in formula (I.) above is 
any algebraic function of aj, then is it possible, taking different variables, 
to establish algebraic (or logarithmic) relations between integrals of the 
form 



when the variables are connected by requisite algebraic equations ; that is, 
can algebraic (or logarithjnic) relations be found among 

lT(.r.), ll(a;j), . . . W{x„), 

when a;,, are connected by algebraic equations ? If such is 

the case, the question next arises : How many algebraic equations are 
necessary, and do these equations depend upon the nature of the 
function X ? 

Abel, in his celebrated paper, ‘Memoire sur une Propri^t^ G(^n^rale d’une 
Classe Tres-Etendue de Fonctions Transcendantes,’ ‘(Euvres Completes,’ 
t. i. p, 145 (Sylow and Lie), considered the question in a still more 
general form, and found that all those functions whose derivatives may be 
expressed through algebraic equations, in which the coefficients are 
rational functions of one and the same variable possess properties that 
are analogous to those of the elliptic functions stated above. 

The results of these investigations are expressed in the following 
theorem, known as Abel’s theorem : Jf we have several functions whose 
derivatives may he {expressed as) the roots of one and the same algebraic 
equation j and all the coefficients in this algebraic equation are rational 
functions of one and the same variable, then it is always possible to express 
the sum of any number of functions which are like the first functions by 
means of an algebraic {and logarithmic) function, provided a certain 
number of algebraic relations can be established between the variables of the 
function in question} 

The number of these relations does not depend upon the number of the 

drv, dw dwn 

* Such functions are = R (y„ar,), - r ~ ^ (^n.^n). 

R denoting a rational function, where Xt(i = 1, 2, ... n) are the points of inter- 
section of two curves x(^»y) = 0 ^'iid 6 {a,y) = 0, and y* are the corresponding 
values of y that are obtained from these two equations. 

Now every symmetric function of the solutions common to xi^tV) = “-t^d 

= 0 is a rational function of the coefficients of these two equations. 

K = « 

Hence 2 1 R(a?,y)ia> is an one- valued function of the coefficients of x(®» y) = 0, 
#e = lj 
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functions, but only upon the nature of the particular functions that are 
considered. 

The same theorem is still true when we suppose the functions multi- 
plied by any rational number positive or negative. 

We may therefore deduce the following theorem : We are always able* 
to express the sum of a given number of functions, which are multiplied 
each by a rational number, and in which the variables are arbitrary, by 
similar sum of functions, whose number is determinate, and in which the 
variables are algebraic functions of the given functions. 

As a further consequence is the theorem that the sum of any number 
of integrals of the form considered may be expressed by the sum of a 
definite number of such integrals with (perhaps) the addition of a deter- 
minate algebraic (and logarithmic) expression, in which the variables are 
algebraic functions of the variables of the first integrals. 

We therefore have the following result : Although in general we cannot 
integrate an algebraic function by means of algebraic or logarithmic- 
functions, we may, however, obtain for the sum of a certain number of 
such transcendental integrals an expression which is composed of algebraic 
(and logarithmic) functions. 

Abel considered further the smallest number p of integrals through 
which the sum of any number of other integrals may be expressed. Thi& 
is the well-known number which denotes the class (Classen-zahl) of the 
connectivity of Riemann^s surface ;((rK, y), upon which y is an one- valued 
function of Xj and Clebsch’s deficiency of the algebraic curve x{^'> v) = 
(See Cayley’s ‘ Addition to Mr. Rowe/s Memoir,’ loc. ciL p. 752.) 

Jacobi (‘ Werke,’ bd. i. p. 379) writes : ‘ To this theorem we prefer to 
give as the most beautiful monument of [Abel’s] extraordinary intellect, 
the name AheVs theorem^ since it bears the entire stamp of his depth of 
thought. We consider it the greatest mathematical discovery of our time, 
as it in a simple form, and without the apparatus of the calculus, gives^ 
utterance to the deepest mathematical thought.’ 

Legendre calls the theorem a monuinentum cere perennius (letter to 
Jacobi, Jacobi’s ‘Werke,’ bd. i. p. 376). 

The theorem is contained in a paper written in the year 1825, but not 
published until after Abel’s death : ‘ Sur la coraparaison des fonctions tran- 
scendantes ’ (‘ CEuvres,’ t. ii. p. 55). The theorem so stated in this paper is i 
The sum of any number of functions which have an algebraic differential 
may be expressed through a definite number of such functions. It is de- 
veloped in the large memoir above mentioned, ‘ Mdmoire sur une propriete,. 
etc.,’ which was presented to the French Academy, October 1826, and not 
published until 1841 in the ‘ JVIemoires des Savants Etrangers,’ t. vii. 

Legendre in the third supplement of the ‘ Traite des fonctions ellip- 
tiques,’ 191, gives to the transcendent 

J VX ’ 

and y) — 0, this one- valued function being by Abel’s theorem an algebraic (and 
logaritlimic) function. 

Tlio points ) (i = 1, 2, . . . 7?) are not independent of each other, but as 
soon as a certain number of them is given, the remaining (say) are of themselves, 
determined, being the roots of an algebraic equation of the ^;th degree, whose 
coefficients are rational functions of those points that are given, so that between 
these coefficients there exist p algebraic relations. 
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where f (x) is a rational function of x and X a function of greater degree 
than the fourth in x, the name ultra-elliptic ; when X is of the fifth or 
sixth degree in aj, it is said to be of the first order ; ^ when X is of the 
seventh or eight degree in x, of the second order, etc. In each order three 
different kinds of integrals are to be distinguished, which are entirely 
analogous to those ‘ which the nature of things has introduced into the 
theory of elliptic functions.^ 

Jacobi (‘ Werke/ bd. i. 1832, p. 376) wished to call these the Abelian 
transcendents, on account of the following works of Abel that had at that 
time appeared : — 

‘ Remarques sur quelques proprit^t^s gein^rales d’une certaine sorte de 
fonctions transcendantes ' (Crelle, bd. iii. 1828, p. 313). 

‘ Demonstration d^une propriety gen^rale d’une certaine classe de fonc- 
tions transcendantes ^ (Crelle, bd. iv. p. 200). 

These papers treat of the more special functions in which y is con- 
nected with X by the relation where X has the same meaning as 

above ; the term hyperelliptic is usually applied to such functions. Abelian 
being used in general to designate transcendents in which y is defined as 
any function of x through the algebraic equation y)=9. 

(13) AheVs theorem. — A brief account of some of the fundamental 
statements of the preceding article is given here. The mode of procedure 
is nearer that of Riemann, Fuchs, and later writers than that of the 
original memoir. Some of the results as derived by Abel are given later. 

The algebraic equation 

x(*.y)=?^o+;’i2/+;’2y*+ • • • 

in which all the coefficients p are rational integral functions of x, and the 
integral function 

%.y)='7o+'2'iy+'?2y’“+ • • • 

where the are likewise integral functions of x, when considered geo- 
metrically, represent two curves, which intersect in a certain number of 
points. In the coefficients of these two equations may appear quantities, 
'll, V, w, • , , , quantities quite indeterminate, upon which the coefficients 
depend. 

The co-ordinates of the intersection of the two curves are functions of 
'll, V, w, , , , , that we may write the two curves in the form 

x(x,y ; u,v,w, . . .)=0, 
e[x,y; u,v,w, . . .)=0. 

Let the points of intersection of the two curves be 
a^i.2/1 i 5 • • > 

and when particular values . . . are given to , let 

the corresponding points of intersection be 

Xi'tyi^ 5 ■, . . . xj>,yj>. 

* Legendre uses the word class. We may remark here that, when he divides in- 

f ai^dx 

into the three different lands, he must first assume that 

n is less than^— 1 or where X is the degree of <?(*). See Richclot (Crelle, bd. 

xii. p. 185), where different forms of the integrals corresponding to the different kinds 
are considered. 
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Let R {x,y) be any rational function of x and y, and form the sum 

For the present discussion it is in every respect sufficient to consider 
only one parameter and to specify the function 0(aJ,y)=:O, which we do 
by writing 

. . (l) 

or ?/.= TLJIlL. 

The rational function takes the value as often as it does any 

other value u. 

Writing 


(I) 


we have 


(11.) 






“1 




In the expression (II.) we shall study t<; as a function of u. 
From (I.) 

dio^ dw. dx^ / \dx^ 

--du^dx,drr^^^''y^-du • • • 

Differentiate (1) with regard to w, and we have 


( 2 ) 


2/=y. 


2/=2/« 


y=y. y=y. 

Since __ have, after substituting the 

\^oy J x^^x^ dx^ \ (jx j X'—^x^ 


2/=y. 


y—y^ 


value of from this equation in (3), a formula for which is rational 

dx^ du 

in X , y. tlierefore write where S denotes 

du 

a rational function. 

Further, ™ '‘=R(a;„yJ where T is also a rational 

du 

function. 

^ KS^ C>B >4 

Finally, ^^2 =»■(«). 8^7. 'where >•(«) is a rational 

assl Kal 

function in w. 
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Hence upon integrating 

(III. ) ^ w^= 2 I i^{x^fy^)dx^ = r(u) du, 

*“i •' 

We note that the number y, does not depend upon the function R(a;,y). 

(14) We thus have the sum of /u integrals expressed as the integral of 
a rational function of the parameter n. This integral depends upon the 
nature of the function Il(ic,y) being, first, a constant ; secondly, the differ- 
ential of a logarithmic function which is equivalent to a determinate 
algebraic function j thirdly, a logarithmic expression which likewise is deter- 
minate, when the integral ^^(x^y)dx are special integrals of the fir sty 

second^ and third kinds respectively. 

The discussion of these special integrals, the normal integrals of the 
first, second and third kinds, is found in Forsyth, ‘ Theory of Functions,’ 
p. 443 ; Harkness and Morley, ‘ A Treatise on the Theory of Functions,’ 
p. 435 ; Neumann, ‘ Theorie der Abel’schen Integrate,’ p. 245, &c. 

(15) Nother ^ has proved that any algebraic curve may by means of 
birational transformations be transformed into another curve in which 
the highest singularities are double points with distinct tangents. We 
may therefore assume that the curve x(^»2/)=9 has no higher singularities 
than these. Upon this hypothesis the most intricate integral that arises 
may be expressed linearly in terms of the normal integrals of the first, 
second and third kinds, with the addition, perhaps, of an algebraic 
expression. 

Abel allowed the curve x(ic,7/)=0 to have any kind of singularity ; 
and hence the expression for the algebraic and logarithmic functions that 
stand on the right of formula (III.) in art. 13 are necessarily very com- 
plicated, By making use of the methods mentioned above, this complexity 

is avoided, and the representation of the integral ^r{;u)du may be obtained 

in comparatively simple form. 

(16) Denote the p linearly independent normal integrals of the first 
kind by Vt,{Xjy){hz=\^ 2, . . . ^^) ; then, as in art. 13, 



where 

The points x\, y\ (#: = 1, 2, . . . ^) ; x\^,, y\^, {k = 1, 2, . . . p) and 
the points x^^ y, (/c = 1, 2, . , , q) may be chosen at pleasure ; but the 
remaining p points Xq^^ (#:= 1, 2, . . . p) are no longer arbitrary, the 
a’s being the roots of an algebraic equation of the pth. degree 

x^+ -b -b . . . -b ttp = 0, 

' Nother, Math. Ann. bd. ix. p. 17 ; see also Halphen, Bulletin de la Soc. Math, 
de France^ t. iv. Dec, 1876, and t. iii. Feb. 1876; Bertini, Jievistadi Matem. 1891, 
and Math. Ann. bd. xliv. p. 168 ; Poincar^, Qompt. Bend. July 1893. 
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where the constants rto? • • determinate rational functions of 

the other points, 

f. (^- = 1, 2 . , . 7) ; .--V., ?/»,,. (. = 1, 2 . . . i>) 

and ,t\y /y, (k = 1, 2 . . . q). 

The corresponding values of // are the remaining ordinates of the points 
of intersection of the curves x {■•'q/) = d, and 0 (x^y) = 0. 

(17) Abel, in the proof of his tlieorem, stated in art. 12 wrote : 

where / (x,y) is any rational algebraic function of x and y. He then 
considered the sum of such integrals 




where (i = 1, 2, . . . p) arc the points of intersection of the two curves 
x{x,y) = 0, 0{x,y) = 0 ; that is, the roots of the equation E(.r) = 0, 
which is obtained by eliminating y out of the two given equations. 

Of these points of intersection some may be stationary, while the others 
are movable, the fixed points being independent of the parameters 
u, V, y\ , . . (art. 13). Hence E (.r) may be composed of two factors 
Fo(.'r) and F(.r), of which F„(./*) does not depend upon ic, . . . 

Abel wrote the subject of integration in the form 

yjO-'..'/) x'(y) ’ 


where 

X'(2/) 


/i (•'■.’/) and /,(.'•,//) 
9 y 


are integral functions of x and y and 


He found that ^ 0(,>-^) = V 

1=1 I -- 1 


/i(-A, y.) j,. 

y.) x'(y.) 


where v may be a constant yy///.s’ an algebraic function jihis a logaritliinic 
function. (A concise expression for due to Rowe, is given in art. 20 ) 

(18) After restricting the functions fx{x,y)yf.^{x,y) and Fo(.r) in sucli 
a way that the logarithmic and algebraic functions of the expression above 
disappeared, Abel found that the function J\{x^y) contained a certain 
number of arbitrary constants, a number which depended only upon the 
nature of the curve x(-*’>//) ~ This number he designated by 
y(= p, of art. 13). 

In the equation fi(c,//) = (/„ -f q^y + qp/^^ -f . . . q„ = 0, a 
certain number of the coellicionts of x in the functions q are supposed 
indeterminate. Denote these by f/, a^-, ... We saw above that the 
upper limits £c,(i =1, 2, . . > y) oi the integrals in (I.) are the roots of 
the e(iuation E(.r) = 0, and may be expressed as functions of the inde- 
pendent quantities a,, . . . , of wiiich there are, say, c(. 

Let these functions be : 

=/i(". “d “2. • • • =/■(«, . . . ), 

1897. s 



258 


REPORT — 1897. 


From these relations it is seen that as soon eis a of the as’s are given, 
the remaining /x — a may be determined in terms of the known ones. Abel 
showed how to effect this determination, and in general that a = 7 . 

In two special cases considered by Abel this number is less than 7 . 
(See also Rowe, Memoir on Abel’s Theorem, ‘Phil. Trans.’ 1881, p. 731.) 
Professor Cayley, in the ‘ Addition to Mr. Rowe’s Memoir,’ proved that 7 
was always equal to the deficiency of the curve ~ whatever its 

singularities. 

Professor H. F. Baker has recently proved the same theorem by means 
of graphic methods in the ‘ Cambr. Trans.’ xv. Part IV. j see also 
‘Math. Ann.,’ 45, p. 133. 

As a special case Abel gave the equation x{x,y) = 0 the form 

y” + Po = 0. 

The form of the integrals whoso sum is to be expressed as in 
formula (I.) is 


/i(x)dx 


For the hyperelliptic functions (n = 2), when is of the 2m — 1®‘ or 
degree, Abel showed that ^ — a = — 1. 

(19) Mathematicians were much interested in the new functions which 
must be introduced in connection with the Abelian integrals. The 
Academy at Copenhagen wished to see these functions extended to all 
integrals of algebraic functions, which are included in Abel’s theorem ; ^ 
and in regard to this wish J lirgensen, Broch, Minding, Rosenhain wrote 
some very important memoirs. The value of these memoirs, however, on 
account of their less generality was much diminished when Abel’s great 
paper was finally published in 1841. 

Minding, in two short papers (Crelle, bd. ix. p. 295, 1833, and bd. xi. 
p. 233, 1834), showed how to represent the algebraic and logarithmic 
functions of Abel’s theorem for the special cases in which the algebraic 
functions satisfy an equation of the third degree. 

Jurgensen (‘ Sur la Sommaiion des Transcendantes a diffi^rentielles 
algebriques,’ Crelle, bd. xix. p. 113), took, as the subject of integration, 
the quotient of two functions P(a;, z,) and Q(a;, »,), where P and Q are 
integral functions, and where is a root of an equation that is similar to 
Abel’s x(^»y) == 

After reducing to a form where \ and v denote in- 

° Q (x, z^) r{x) 

tegral functions (see Liouville, ‘ Note sur la Determination des integrals 
dont la valeur est alg^brique,’ Crelle, bd. x. p. 347),^ he considered a 


sum of integrals of the form 


I 


where the summation is taken over 

r{x) 


the p roots of the resultant of two algebraic equations. This sum he 
expressed in the form of an algebraic and logarithmic function. 

In a second paper (Crelle, bd. xxiii. p. 126) J iirgensen denoted by X(a;, y,) 


* Cf. Jacobi, Gesam. WerkCy bd. ii. p. 617. He does not mention Jurgensen. 

* See also references cited in art. 11 , and a paper by Liouville, Sur Vintigration 
d'une cJaue defonctions trantcendaniet^ bd.xiii. p, 93. 
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a rational function of x and any one of the n roots (i=l, 2, . , . n) of 
the equation 

, • • * -i-Pn~lI/+Pn=0, 

the being integral functions of x ; then X (see Liouville^s paper men- 
tioned above) may be given one or the other of the forms 

where f (x) is a rational function of x, and integral function of 

X and 2 /,. 

Two leading questions are considered : (1) To find the cases in which 
one can express j* Xc/x by a finite number of algebraic and logarithmic 
operations (see art. 34) ; (2) To find the relations among the integrals 

|y(^i)^«(^i)^^’i> |y(^’2)‘?’/t(^2)^*^2> • • • 

which correspond to variables rc,, X 2 f . . . that depend upon one another, 
and upon the different roots y*, . . . . 

Broch, * M^moire sur les fonctions de la forme/ 

(Crelle, bd. xxiii. p. 148, 1841), developed rules for the summation of the 
transcendents mentioned in the title, where / (x^) is a rational function of 

g I 

x^\ y an integer which is divisible by , r and p are integers, and s an in- 

teger less than r, p. 

These are analagous to the investigations of Abel on the hyperelliptic 
functions which had already been published. 

In a previous memoir (Crelle, bd. xx. p. 178), Broch had discussed the 
special case where /?=1 and «=!. The basis of this paper is Abel’s 
memoir, ‘ Bt^monstration d’une propri^te g^m^rale,’ &c. Broch also sought 
the minimal number of integrals (Abel’s y), through which a sum of inte- 
grals could be represented. 

Minding divided his paper, ‘ Propositiones qusedam de integralibus 
functionum algebraicarum,’ <fec. (Crelle, bd. xxiii. p. 255), into three heads. 
He first gives an expression for a sum of integrals of the form 

(x„y,p,)dx, 

J 

when (i>o and F are integral functions, and 

^j(aj)=(ai — Ci)(aj C 2 ) • • . (x c,.), 

the c’s denoting constants, x^ and y, are the common intersections of two 
curves 

• • • +Pn-0; giy""^+V22/’‘"*+ . . . +(7u=0, 
which correspond to AbeVs \(xyy)=Q and ^(x,y)=0. 

Minding further allowed arbitrary variable parameters in his functions 
qy so that his results, as Brill and Nother * remark, are only less general than 
those of Abel in that fixed points of intersection of the two curves are not 
considered. 

‘ Jahreiber. dtr dextUehen Maihemaiiher^ Vereiniguni^y bd. iii. p. 229. 

»2 
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The contents of the second head are indicated by its title ‘ De numero 
minimo integralium ad qua? numerus datus eiusmodi integralium reduci 
potest.^ 

In the third head he makes application of the preceding theorems to 
the equation : +/>«== 0. (See also art. 19.) 

Ramus (Crelle, bd. xxiv. p, 69) derives a formula for the expression of 
the sum of integrals ^Xi)-^\P(x 2 )-r • • • where \P{x) has either 

the form (x) dx or where / (.v) is an integral function 

jx-a'' Jaj-a y^\x) 

of Xy m a positive integer, and y’" (x) is one of the 7i roots yi{x), . . 

y„(a’) of the equation 

(Abers x(-^‘,y)=0.) 

The variables ic,('i=l, 2, ... /a) are the points of intersection of this 
curve with a second algebraic curve. 

Rosenhain (Crelle, bd. vxviii. p. 249, 1844) employed as fundamental 
equation 

'+ • • • +/>»==o. 

in the place of Abel’s ^(x,y)=0. 

Proceeding in a manner very similar to that of Abel, he adopts in his 
summation-formula integrands of the form 

. . . + Q" 

fG/) 

where the Q’s are the rational functions of x. 

In discussing the hyperelliptic case (?i = 2) he gives <t){x,y) the form 
Po?y 7 -^ 2 h?/-^P 2 i and not the form usually adopted, y“=R0^0» Pi> 
and R denoting rational functions of x. 

He then seeks to prove in the general case that the number of arbit- 
rary constants in an integral of the first kind is equal to the smallest 
number of integrals through which the sum of any number of such integrals 
is expressible. The article is continued (Crelle, bd. xxix. p. 1). 

(20) Boole, in a paper, ‘ On the Comparison of Transcendents, with cer- 
tain Applications to the Theory of Definite Integrals’ (‘ Phil. Trans.’ 1857, 
p. 745), contemplates the following objects : 

First, the demonstration of a fundamental theorem for the summation 
of integrals, whose limits are determined by the roots of an algebraic 
equation. Secondly, the application of that theorem to the comparison of 
algebraic transcendents. Thirdly, the application of the same theorem in 
a new, and, as it is conceived, more remarkable line of investigation to the 
comparison of functional transcendents. In the introduction to this paper, 
Boole states ; * As presented in the writings of Abel and of those who 
immediately followed in his steps, the doctrine of the comparison of 
transcendents is repulsive from the complexity of the formulae in which 
the general conclusions are embodied.’ With the intention of simplifying 
these formulae, Boole introduced a symbol differing in interpretation only 
by the addition of one element from the symbol used by Cauchy in the 
' Calculus of Residues.’ 

This symbol, 0 , he defines as follows : ‘ If (p{x) f {.r) be any function of x 
composed of two factors 0(.'r) and /(.r), whereof 0(.r) is rational, let 
0[(f)(x)yf (x) denote the result obtained by successively developing the 



ON THE HISTORICAL DEVELOPMENT OF ABELIAN FUNCTIONS. 261 


function in ascending powers of each distinct simple factor (of the form) 
in the denominator of taking in each development the coefficient 

of - ^ adding together the coefficients thus obtained from the several 
x — a 

developments, and subtracting from the result the coefficient of 1 Jx in the 
development of the same function in descending powers of x.' 

The simplifications made by Boole are more than offset by the loss of 
generality which characterise his formulae. 

Rowe (Memoir on Abel’s Theorem, ‘Phil. Trans.’ 1881, p. 713) 
endeavoured to simplify Abel’s results, and at the same time to retain 
their generality. Using the same notation as in art. 18, and employing 
Boole’s symbol, he derives Abel’s theorem in the form : 





where C is a constant. 

Professor A. R. Forsyth, iji a paper, ‘Abel’s Theorem and Abelian 
Functions’ (‘Phil. Trans.’ 1883, p. 323) has obtained an expression for an 
integral that is more general than that occurring in Abel’s theorem. 

Professor Forsyth takes two given equations of degrees m and n 
Between three variables, of which y and z are dependent, x being 
independent ; 

r„.(.r, ?/, ;:)=0, F„(.r, y, k)=0. 

The Jacobian (functional-determinant) of these two functions is 

( F F \ 

- J. A quantity T is defined by the relation 

rp._^k(. r,y, z) 

4)(.r, y, z)' 


where 'I' and are rational algebraic functions of .r, y, This quotient 

may in turn bo expressed in the form y where U is an integral 

function of ic, y, and andy’(.r) a function of x alone. 

The generalised Abel’s theorem, as derived by Professor Forsyth, is 

U 






log F,, 


+ C, 


where the upper limits of the integrals on the left-hand side are the m .n.p 
roots of the equation obtained by eliminating y and l>etween F,„ and F„, 
and an arbitrary rational algebraic function Ft,{'^',y,~)=0. On the right- 
hand side the summation extends over the m . n roots y and z in terms of 
X of the equations F,„=0 and F„=0. C is a constant. 

The more general theorem Professor Forsyth enunciates as follows : 
Let F,(a;,, . . . .t,) = 0 (i=l, 2, . . . r— 1) be r—\ algebraic equations 

of degrees respectively, giving cTj, . . . .t, in terms of 

; and let be a function of these dependent variables, 

the coefficients of which are functions of .r, containing any number of 
arbitrary constants. Form the climinant E of all the F’s, so that we 
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shall obtain the set of roots by equating E to zero ; and denote by 
U any algebraic function of aj^, a? 2 , . . • 

Then 



The summation on the right-hand side is taken over all the roots of E=:0, 
which are assumed as the upper limits of the integrals ; while on the 
right-hand side the summation is over all the roots F,=0, F 2 = 0 , . . . 
F^_i=0, considered as r — 1, simultaneous equations giving X 2 , x^, . . . x, 
in terms of ajj. 

In connection with this paper we note a paper by Professor Cayley, 
* A Memoir on the Abelian and Theta Functions ' (‘ American Journ. 
Math.’ vol. V. p. 137, and vol. vii. p. 101). 

The first chapter treats of Abel’s theorem ; the second, a proof of 
Abel’s theorem. The connection between the lines of thought presented 
in this paper and those of Professor Forsyth are particularly interesting. 
In the further developments of Professor Cayley’s paper, which is founded 
upon Clebsch and Gordan’s ‘ Treatise,’ some geometrical results are brought 
into prominence. The theory is illustrated by examples in regard to the 
cubic, the nodal quartic and the general quartic respectively. 

The general case where the fixed curve is any curve whatever has been 
solved with great generality by Nother,* ^Zur Reduction Algebraischer 
Differentialausdrucke auf der Normalform,’and ‘Ueber die Algebraischen 
DifFerentialausdrucke ’ (‘ Sitzungsber. der Phys. Med. Soc. zu Erlangen,’ 
Dec. 10, 1883, and Jan. 14, 1884). Other addition-theorems, especially 
for the hyperelliptic functions, are given in art. 32. 

(21) Periodic Functions of Several Variables. — In art. 10 the periodic 
properties of functions of one variable were considered, and it has been 
seen that Abel’s theorem embraces the integrals of all algebraic functions. 
Considering the inverse of these transcendental integrals, Jacobi dis- 
covered the existence of the 'periodic functions of several variables^ and 
thus revealed the real significance and hitherto hidden properties of such 
functions. 

Some of Jacobi’s investigations ^ relative to hyperelliptic transcen- 
dents are next given, since they may be used to illustrate Abel’s theorem 
for the more general integrals, and set forth the properties of the inverse 
functions that are comprised in this theorem. 

If X denotes a rational integral function of the fourth degree in Xy 
then by Euler’s theorem (art. 5) transcendents of the form 



enjoy the singular property that if 

n(a:,)+n(a!2)=]r(fi), 

then a may be found algebraically in terms of x^ and ajg. Owing to 

' See also Nother, Math. Ann. bd. ii. p. 314, bd. ix. p. 17 ; Brill and Nother, 
Math. Ann. bd. vii. p. 269, and continuation in bd. vii. ; Klein-Fricke, EllipUsohx 
Modulfunctioncny bd. i. 1890, p. 633; Baker, Canibridge Phil. Trails, xv. ; Math. 
Ann. bd. xlv. p, 133, &c. 

2 Jacobi, Considerationes Generates de Transcendentihis AhelianiSy Crelle, bd. ix, 
p. 394, 1832 ; Werhey bd. ii. p. 7. 
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Abel’s theorem, analogous properties exist for all such transcendents, in 
which the function X is any rational integral function of x. For, taking 
the next simplest case, let X be of the fifth or sixth degree in x, and write : 


and further write : 


n(a;)=: r(A + A ^)rfa; ^ 
Jo \/ X 


or 

IT (x ) = Aa)(;r) -f A I 1 (x), 
where A and Ai denote constants. 

Then from Abel’s theorem it follows that of the innumerable solutions 
of the equation 

(1) n(x,)-h n(x,) + u(x,)=u(a) 4- n(Z>), 
there is one algebraic solution ; that is, a and h may be algebraically 
determined in terms of from the two equations that are derived 

from (1) : 

+ <I>(a;3) =<!>(«) + ^{h\ 


(22) In general, if we write : 


|( A4 - A ia?4- A2 a?^+ y . ^^^‘^*=11 ( a ;) 


where X=/(ir) is a rational integral function of the 2mth or 2ai — 1th degree 
in it follows from Abel’s theorem that, if in values ccj, £C 2 , . . . of the 
variable x be given, through these yn quantities it is possible to determine 
(art. 18) in an algebraic manner in — 1 quantities «], which 

satisfy the transcendental relation : 

n(a;,)4-n(.r2)+ . . . +ll(:rj=n(«,) + n(rt,)+ . . . +n(a„.,) ; 

and Abel further showed that the quantities n,, a 2 , . . . are the roots 
of an algebraic equation of the ?a— 1th degree, and that each of the 
coefficients in this algebi’aic equation may be rationally expressed in terms 
of the quantities : .rj, and 

n/\i, wheie (X=1,2...W)- 

It also follows from Abel’s theorem that, when any number whatever 
of values of x are given, the sum of the transcendents II (.x) which 
belong to given values of x maybe expressed through — 1 transcendents 
II (x) when the ni — 1 values of x in these- transcendents are algebraically 
determined from the given values. 

(23) We consider next the case where the sum of four transcendents 
are expressed as the sum of two, and where the arguments of these two 
transcendents depend algebraically upon tlie arguments of the first four. 
As above, we write : 

and =$,(.r). 
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By Abel’s theorem, when the two equations 

(a) + «>(6)=4>(a:, ) + <I>(a; 2 ) + ^x-j) + ^x^), 

1 $, («) + <!>, ( 6 )=$i(a:,) + «>, (0:2) + *, (a:3) + $i(a:4) 




are simultaneously given, a and b are algebraically determined in terms of 
the given quantities XifX 2 ,x^iX^, 

Now write 


( 2 )- 


^i(»i) + 4>i(a:a)=«; 
Then from (1) it follows that 




( 3 ){ 


^(a) + ^(b)=u + ic'j 
^i(a)4-«I>i(6)=:'y + r'. 


If now in (2) we consider ic, and X 2 as functions of u and v and write 
Xi=X{u^v),X 2 =\i(ujv),Q.nd similarly in(2')write x.^==\(u\v'), x^=\i(u\v')y 
then it follows from (3) that a=X(u-\-u\vd-v')y b=XY{ti-{-u\vi-v'). 

Since a and b are algebraically expressible in a;,,a’ 2 ,aJ 3 ,iC 4 , it follows 
that X{ib-\-u\v-^v’) and Xy^{ti + u\v are algebraically expressible in 
terms of X(n,'y,) X,(?4,v), X(u'yV') and Xy(u\v). 

The general theorem may be expressed as follows : 

Letf — i=(0, 1, . . . ??i — 2), 

JoV' X 


where X=/(.t) is a rational integral function of the 2mth or 2m— 1th 
degree in x, then, if between the m — 1 quantities XoyX^y . . . x „^_2 ^i^d the 
quantities • • • '^^n -2 following equations exist simultaneously, 
(I.) + (i=0, 1, . . . m— 2) ; 

and if 

(IL) Xy=:Xy(u^^yU^y . . .Vyn_ 2 )y (^=0, 1, . . . m — 2) ; 
with equations similar to (I.) and (II.) with accented u^s and a;’s, then 
these functions enjoy the same property as do the trigonometric and 
elliptic functions, viz. : 

The functions 

X,(W0)+<,^^1-+ n,', . . . Uy,y_2 + n\„_2) 
may be algebraically expressed through the functions 

X,('i/o>'^^l> • • • '^^m- 2 ) X , (74 0,76 , 'if' m •2)> 

(i=0, 1, . . . 711 — 2). 

(24) Integrals of differeiitial eqiiations. — Euler’s tlieorem sets forth the 
complete algebraic integral of a differential equation of the first order 
with two variables, which have been separated in such a way that 

dx^ dx2 

n/X; 


where Xj and X 2 denote the same rational integral function of the fourth 
degree in cc, and X 2 respectively ; and Euler ^ showed that the algebraic 
integral was an equation of the second degree between the two quantities 
x^ -fiC2 and X\.X2. 

Abel’s theorem sets forth algebraicalhj 711 — \ complete integrals (inte- 
grals which involve m— 1 arbitrary constants) of m— 1 differential 


* Euler, Institutions Calc, Int. t. i. cap. vi. § 2. 
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equations of the first order with m variables, in each of which the in 
variables are separated. 

Taking the next simplest case, let X=f(x) denote a rational integral 
function of the fifth or sixth degree. Then the two transcendental 
equations (see the preceding article) 

^{xy) + -f ^{Xi)=z^{a) + ^(6), 

^ 1 ) + 'i’l (^2) + * 1 (“^3) =‘J>i (“) + ^ 1 {^'). 

owing to Abel’s theorem, take the place of two algebraic equations 
between the five qualities .r,, sc.^, .r.,, a and h. Consider a and h as 
constants. Then, when we diflferentiate the two ec^uations just written, 
the terms involving a and h drop out, so that these quantities appear as 
arbitrary constants in the transcendental equations, or in the algebraic 
equations which take the place of the transcendental. 

Hence we Have the following theorem : Let f{x) be a rational integral 
function of the fifth or sixth degree in a?, and write (^’=1, 2, 3)> 

then the differential equations of the first order with three variables, 

(fT ) =0 • 

s/Xi s/X2 n/X 3 ’ VXi v/X^ n/X3 

have two complete algebraic integrals. 

This theorem is easily extended to w — 1 linear differential equations of 
the first order with in variables, in each of which the variables are 
separated : 

( 2 .) + 

\/Xj \/X2 

(i=0, 1, 2 . . . «.-2), 

where Xj, Xj, . . . X,„ denote the same integral functions in iCi,a; 2 r 
. . . x^. Jacobi closes the ‘ Considerationes generales,’ &c. with the 
remarks : ‘ We know that Lagrange, starting with the differential equa- 
tion between two variables [art. 7] came to its complete algebraic integral 
through direct methods of integration, and so by a new and singular 
method demonstrated Euler’s theorem ; and so we think it worth the 
while to investigate through direct methods of integration the two 
complete algebraic integrals of the system (a.) above, or more generally 
the 111 — 1 complete algebraic integrals of the system (X.), and thus adorn 
Abel’s theorem with a new and no less singular demonstration.’ 

At the end of the ‘ Note von der geodatischen Linie auf einen> 
Ellipsoid,’ (fcc. (‘Werke,’bd. ii. p. 59), Jacobi finds that by making use of a. 
certain substitution he was able to extend the remarkable relation dis- 
covered by Legendre between the complete integrals of the first and 
second kind of two elliptic integrals whose moduli are complements to 
each other to all hyperelliptic integrals ; and this same substitution, he 
says, led him to the Abelian theorem itself in a way and through con- 
siderations which are absolutely different from that of Abel. These 
considerations originate from a mechanical problem. 

The elliptic movement of a planet, or even the motion of a point in a 
straight line, may be expressed through an equation between two elliptic 
integrals. We have two methods of treating the same problem, of which 
the one represents the solution in a transcendental, the other in an 
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algebraic form. We thus derive a new method of finding the fundamental 
theorem for the addition of elliptic integrals. Jacobi says that by 
generalising this method through the introduction of any number of 
variables he obtained the general addition-theorem in a new and ready 
manner ; and at the same time there was opened a simpler way, through 
the application of suitable multiplications, of coming directly to the 
algebraic integrals of the systems of differential equations (^r.) and (S.) 
above. See also a paper by Haedenkamp (Crelle, bd. xxii. p. 184 ). 

( 25 ) Following Jacobi’s suggestion of the preceding article, Richelot 
(Crelle, bd. xxiii. p. 354 ) extended Lagrange’s methods (art. 7 ) and in a 
direct manner integrated the differential equations (<7.) and (2.)* above. 

By his methods two algebraic integrals are found for Euler’s differen- 
tial equation, of which it is easy to prove that the one is a functioii of 
the other ; while the two algebraic solutions of (<r.) are independent. He 
found two similar solutions for the system (2'.) The general solution of 
this system of equations he derived in the following form : In system 
(2'.) let X=/(.'r)=Ao + Aia;-{-A2a;2 4. . . . AgnCr^", and for brevity write 

F(x)=(x—Xi)(x-^X2) . . . (a: — if„) and F'(£c)=^i-^ ; if, next, the roots of 

the equation. 

(ao + aia^ + «2-«^+ • • • + . . . -f A2».'r2'^)=0 

be denoted by re,, X21 . . . m2, . . . m,j, and if the coefficients 

... 6 be determined through the Jlrst n+\ of these roots, then 
the n — 1 equations of condition, which must exist in order that the n — 1 
remaining quantities mg, m3 . . . m„ be the roots of this equation, are the 
n— 1 complete algebraic integrals of the system (2'.).‘^ 

Richelot assumed that f{x) has, as factors, a: — Uq, a’ — aj, . . . 
^ It brevity he wrote 

P (x) =z (x — m2) (x — m3) . . . (.r -- m„) ; ??? j = a^. 


' Change vi into 71 in the system (2.) in order to have the system adopted by 
Richelot, which denote by (2'.). 

^ It is interesting to note here certain difficulties that the older mathematicians 
experienced. Euler Cal. Int. t. i., cap. vi. § 2, prob. 82, scholion 1) says it is 

quite clear that transcendents of the forraf — — : r 

J a/A + + Ca?* + Dx^ + + Fa?* + Ga?" 

cannot be treated in the manner of circular and ellipt ic integrals ; for if the coefficients 
are restricted so that the root may be extracted, the formula becoming 

J doij 

-v— ^ it can in no wise liappen that several functions of this kind be 

a + bx-\- ox^ + dx^ 

algebraically compared among one another. Lagrange tried in vain to extend this 
theorem. This paradoxical thought is easily explained : for two algebraic equations 
between the arguments of the integrals always satisfy the two transcendental relations 
between these integrals when the function under the nidical sign is of the fifth or 
sixth degree (art. 24). These algebraic equations exist owing to the fact that the 
numerator of the integral which is of the first degree has coefficients which are 
always of such a nature that two of the arguments become roots of a quadratic 
equation, whose roots involve the other arguments algebraically. As often, therefore, 
as the transcendents unite within themselves a logarithmic and a trigonometric 
part, it happens through the algebraic equations that both the trigonometric and the 
logarithmic parts vanish independently in the two transcendental equations, so 
that one relation is given among the logarithms and another among the arcs. Cf. 
Richelot (Crelle, bd. ii. p. 181). 
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AffceP some reductions he was able to express the w — 1 integrals of the 
system (S'.) in the form, 


F(a.) 


_j ^ ^ y / w _i 1 * 

F (cCi) a;j F^(a:2) O-h — ^2 * * ^ (^n) j 

(A = 1, 2, ... n - 1). 


One recognises at once much similarity between the quantities employed 
here and those later used by Weierstrass in Crelle, bd. xlviii. 

(26) Jacobi (^ Demonstratio nova theorematis Abeliani,' Crelle, bd. xxiv. 
p. 28), derived the n ^ 1 algebraic integrals in a different manner than 
that given above, and at the same time he established a new proof of Abel’s 
theorem. Instead of the system (2.) he introduced 71 differential equations 
with n variables A,, . . . A„ and the variable t : 


( 



A^*c?Aj A 2 * o?A2 cl\j^ 

+ • • • + 77('yy 

(i = 0, 1, . 

with the equation 

77(^1) Vf(\,j ' ■ ■ vTTT) 


. . n — 2) 


where/(A) is an integral function of the 2rt--lth degree in A. 

For brevity let = (X^ — Aj) (A^ — Ag) . . . (A, — A„), 
where the vanishing factor A^ — A^ is omitted ; 

and 7j = ^/(m — Aj) (m — A.^) . . . (m — A„), 
where m — A is any factor of the function /(A). 

The following lemma is next proved : If ij/ (A) is a rational integral 
function of the 2n — 2^/t degree in A, then 



Making use of this lemma, Jacobi found an algebraic integral of the 
system (il".) in the form 

y 4 . . . . + = Const. 

\(ni-*Ai)Ni (m — A 2 )]Sr .2 (m - A„)N,»/ 

Corresponding to the 2?i — 1 factors m — A of the function / (A), there 
are 271 — 1 integrals of the form just written, of which 71 — 1 are sufficient 
to give the algebraic relations between the ti variables Aj, A 2 , . . . A„. 

Haedenkamp (Crelle, bd. xxv. p. 178), specialised the general case, and 
found by geometric considerations the two complete algebraic integrals of 
the system (o-.) above. 

(27) In each of the 71 — 1 integrals derived by Richelot appear two 
roots of the equation y* (x) = 0 , while in J acobi’s solutions there is found 
only one ; and if imaginary roots enter / (x), the integrals found in both of 
the methods just given have imaginary forms. 

Richelot (Crelle, bd. xxv. p. 97) found another method of solution 
which also depends upon two roots of the equation /(a?) = 0 , but has the 
property of remaining real when for these two roots any two conjugate 
roots are substituted. He succeeded further in finding a system of 71 — 1 
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of the system (E'.), which contain none of the roots of the 
X f (x) — 0, or presupposes them in any manner. This more 
^1 solution is an extension of Jacobies method, which was effected by 
consideration of mechanical problems (art. 24) and throws new light 
pon Abel’s theorem, of which some fundamental forms are derived through 
suitable integration. 

Writing F {x) = (ic — ajj) (rr — X 2 ) ... (a; — Richelot found as an 
integral of S'. 


Const. 



{x 


-®i) 

_ /(") _ 
¥(«) 


+ . . . + 

- A2„F(a), 


F'(.r„)j 


in which y’(aj) = Aq + Ai^ + . . . + A^nX^^^ and a denotes any arbitrary 
integer. 

Let a take ri — 1 different values aj, 03, «„_i, and we have a complete 
system of n — \ solutions of the equations (21'.) Through suitable integra- 
tions of (21'.) different forms of Abel’s theorem are derived in accordance 
with Jacobi’s suggestions in art. 24. 

(28) Jacobi (Crelle, bd. xxxii. p. 220) found that the n — \ algebraic 
equations through which the system (21'.) was integrable consist of one 
equation of the second degree in and (where denotes the sum of 
the quantities ir,, .r.,, . . . .r,,, the sum of these (juantities taken two at 
a time, ^3 the sum taken three at a time, etc.), and of 7^ — 2 equations by 
means of which ^3, . . . n„ are linearly expressed in terms of and ; 
and further, that between any two of the quantities a there exists a 
quadratic, and between any three a linear relation (c/! also Weierstrass, 
*Math. Werke,’ bd. i. p. 267). 

J acobi further showed that if we write 


/(»•) =: (ix" + i,*" ' + d./e" J + . . . + 

+ (ex’* + o,x" ' + c.^x” -t- c„y 

— (ax"^ -j- UiX"' ^ 4- + • • • 4-<^«)S 

the differential equations (21'.) are completely integrated, if for ccj, X 2 , 
, . . x„ are written the roots of the equation 

x” -f a|X-’‘ -h -r • . . -f 

(6x' -f- 6jX'” * ^4* • • . 4" cos (j) 

4- {cx" 4- 4- 4- . . 4- c„) sin (f), 

where 6 denotes a variable angle. 

See also Brioschi (Crelle, bd. Iv. p. 5G) ; and Cayley (‘ Camb. and 
Dubl. Math. Journ.’ vol. iii. 1848, p. 116); ‘Math. Papers,’ vol. i. 

p. 1166 . 

(29) Reduction and Transformation of hypereUiptic inleyrals . — We 
noted Landen’s substitutions for the elliptic integrals in art. 8. 

Legendre, in the thirty-second chapter of the ‘ Traite des functions 
elliptiques,’ t. i. p. 254, showed in general how to reduce the integrals 

j* Vdx 

J \/ /I 4- yx^ 4- 4- yx^ 4- fix"^ ’ 

where P denotes a rational function in x, to elliptic integrals . 
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In this connection we note a paper by Richelot, ‘ Ueber die Reduction 


des Integra] es 


auf elliptische Integrale/ Crelle, bd. xxxii. 

J V ±:(1 - 

p. 213. 

In the third supplement of the ‘Traitc des fonctions elliptiques,’ 
p. 207, Legendre investigated certain special forms of Abelian integrals as 

I ch' 

I- and calculated the values of such integrals with fixed limits : 

on p. 333 (loc. cit.), by making use of certain substitutions, he showed 

I 'x 

d t' 

‘ could always be reduced to two 

./ 0 

elliptic integrals of the first kind that have the same amplitude, and whose 
moduli are the complements of each other {cf. a memoir by Catalan, that 
was crowned by the Academy of Brussels, ‘ Mem. couronnes par I’Acad. 
Royale de Brux.’xiv. 2nde partie, p. 2). 

Jacobi (Crelle, bd. viii. p. 416) extended this theorem to the integrals 

, and to integrals of the more general form 

J v^(ic + .'r'-^)(l— /.V-) 


f and f 

J ''''' J v/ RW’ 

where R (x) = ./•(! — (1 ~ k\x) (1 + kx) (1 -f Xx). 

He showed that such integrals may be always expressed as the sum of 
two elliptic integrals of the first kind which have the same amplitude, 
but in general difi'erent moduli. See also Gauss, ‘ Determinatio attrac- 
tionis, quam in punctum quodvis positionis datae exercet planeta,’ tkc. 
(‘Werke,’ iii. p. 333). 

More recent examples ^ of similar reductions are given by Hermite 
(‘Ann. Soc. Scient. Brux.^ I., B, p. 1, ‘ Comptes Rendus/ t. xl. 1855); 
John C. Mallet (‘ Trans, of Dublin,^ 1874) (he extends the theorems of 
Jacobi to hyperelliptic integrals of any kind) ; J. C. Mallet (Crelle, 
bd. Ixxvi. p. 79, and bd. Ixxix. p. 176) ; Cayley (‘Compt. Rend.’ t. Ixxxv. 
pp. 265, 373, 426, 472). 

(30) Richelot (Crelle, bd. xii. p. 181) shows that integrals of the form 
J v'( A t Ba' + Cu;‘')(Ai + Bi.r + Ci.r)(A., -f B,.r + CVr") 


* Wi; mention in passing Gonlan, * Ueber die Invarianten binilrer Formcn hiiheren 
Transformationen ’ (Crelle, bd. Ixxi. p lfi4) ; Arondhold, ‘Integration irrationaler 
Diflerentiale ’ (Crelle, bd Ixi. p. 95). In this paper extensive use is made of invariants. 
Brioschi ( Compt. Bend. t. Ivi. and t. lix.) bases this theory of the reduction of integrals 

jF(ar,y)</a; upon the theory of the covariants of the ternary form. See also Brioschi 

( Compt. Bend. Ixxxv. p. 708, 1877) ; Konigsberger (Crelle, bd. Ixiv p. 17; bd. Ixv. p. 335 ; 
bd. Ixvii. p. 97; bd. Ixvii. p. 56; bd. Ixxxv. p. 273; bd. Ixxxix. p. 89; Math. Ann. 
bd. XV. p. 174) ; Bolza (^Math. Ann. bd. xxviii. p 447). A somewhat extended account of 
the reduction of hyperelliptic integrals, including many of the more recent investiga- 
tions, is found in Enneper’s Elliptische* Functianen, p. oOl et seq. 
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where F(x) denotes a rational function in ar, and where the factors in the 
denominator are resolvable into real linear factors, may be reduced by 

means of twelve substitutions of the form into an aggregate 

of integrals 




^z^)dz 

7V)( 


where 0 is a rational function in being in value situated between 
0 and 1, as are also the quantities and 

E-ichelot further proved that, whatever the degree of the function 
under the square-root sign, provided it consist of linear real factors, integrals 
corresponding to (I.) may be reduced to a form similar to that just 
written.* 

He further divides these integrals into the three principal kinds, and 
by means of Abel’s theorem considers the peculiar properties of the 
respective kinds. By making use of irrational substitutions which depend 
upon a quadratic equation, he finds that integrals of the form 


1 


v(i- 


,(M + N‘22)(/Si 


may be reduced to the same form 

f^__ 

J ^/(i 

where the moduli are either greater or less than the old moduli. By 
repetition of this procedure the moduli rapidly approach zero or unity 
(cf. art. 8). 

(31) In a later paper Richelot (Crclle, bd. xvi. p. 221) reduces integrals 

2dz 


of the form 






9 StT 

® ro^2) 


by 


1+^ 


means of the transformations a’ ^ where 

Making use of a substitution that was suggested by J acobi, 

2y= v '« — bz + cz^y 

he shows that the sum and the diflerence of the integrals 

f and ^ 

J n/ (a -h 4- cx‘^){x'^ + d)(x^ -{-<?) y/ {a— bx + cx^){x^ + d){x^ -f e) 

may be expressed through one Abelian integral. The second part of this 
memoir is devoted to the numerical calculation of hyperelliptic integrals 
of the first order. 

In the posthumous writings of Jacobi a method is given whereby the 


‘ C/. Jacobi, Getam. Werlte, bd. ii. p. 38. These integrals may be expanded in 
converging series according to sinfes or cosines of multiples of the same angle'. 
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hyperelliptic integrals of the first order may be reduced into canonical 
forms by means of certain substitutions, even when the factors of the 
function under the square-root sign in the denominator of the integrand are 
not all real. Jacobi also avoids the imaginary arguments introduced by 
Richelot through the application of the substitution 

\/ a — hz-\-cz^^ and which Richelot again reduced to real arguments by 
means of Abel’s theorem. When the degree of the function under the 
root sign is greater than the sixth, and when this function contains 
imaginary factors, Jacobi asserts that no one has found the substitutions 
by which the reduction may be performed. At the close of this article 
Jacobi discusses Euler’s addition-theorem from a more general standpoint 
than that taken by Lagrange (art. 7). 

(32) Addition-theorems for hyperelliptic integrals.— A s^cohi (Crelle, 
bd. XXX. p. 121) derived an interesting form of the addition-theorem for 
hyperelliptic integrals of the second and third kinds. Let R be a given 
integral function of the 2nth degree in x 

R=aja;2»^.^^2n-J_j. . . . -fl, 

and V an integral function of the nth degree with unity as coefficient of 
highest power of x ; further, let a be a constant and 

(1) ccV^-f a2R=(.r — ic,)(aj— ccj) . . . (ic— a^2nfi) 


then it may be proved that * 


(I) 




where m takes any of the values 0, 1, . . . 7i — 1, and where the upper and 
lower limits of the integrals are two systems of roots of two equations of 
the form (1), in which a and the coefficients of Y have different values, 
while R remains the same. 

Further, we may deduce the following expressions 


(ii.) 


»«=2re + l ^ 
,r=l J 


s/ x^^{x^) 


A., 


where A, (ic=0, 1, . . . n+\) are algebraic functions of a, rt,, a. 2 , . . . 
^ acobi gives a rule by which those functions are easily determined. 
Jacobi makes the theorem above more general by the introduction of 
a new variable .'r 2 „+ 2 , and the formation of new formulae 


(III.) 



x;'* -dx, 

V®,R(a:,) 


= A 


Mi 


where the quantities a, a,, . . . a^n^u « 2 n+a determined through 

an equation corresponding to (1) 

{x--x^)(x—x^) . . . . . . 4-a.2n+2- 

For the integrals of the third kind Jacobi proves the following 
theorem : — 

By means of n + 2 given quantities ajj, x^, , . . x^^n a, let three 


* See Abel, (Emrei^ t. i. p. 444. 
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systems of n quantities y-) • • • i -i» -2 • • • be 

determined through the three systems of n transcendental equations 

x^d.r^ 

x^dx\ j* ci^dcL 

■5' ] n/*.R(.«.) j N/«R(a)’ 

;^J J R(^-,) j v/ «R(«)’ 

(m=0, 1, . . . 7t— 1) 


in which E,(.x*) is a given function of of the 2 nth degree; then there 
exists among the integrals of the third kind the following equation : — 


/• t=n + l^ J , 


■'•.) 

/il'iJ'j . . . 

, "y.y/- • • ?/n 

lO" — - - - 


When n is made unity in the above formulae, they reduce to Legendre’s 
form of the addition-theorems for elliptic functions.^ See Jacobi, 
‘Extrait d’unelettre addressee a M. Herinite’ (Jacobi’s ‘AVerke,’ii. p. Il^O). 

(33) Interchange, of 'parameter and argument of the integrah of the third 
hind . — Legendre discovered this remarkable property of elliptic integrals, 
and derived other formulae in the same connection. (‘Ex. de Calc. Int.’ 
t. i, p. 134 et seq.) The results of Legendre are implicitly contained in 
the following formula, due to Abel (‘ CEuvres,’ t. ii. p. 43) : — 


s/eia) 


lo 


dx _ r 

a) V </-(*-■) 


da 




u’"r/x f a^'Ula 

n/^(x) j v/</)(a)' 


where 0(x‘) is any integral function of are constants, and m,n 

integers. Jacobi (Crelle, bd. xxxii, p. 185; ‘Werke,’bd. ii. p. 123) obtained 
the analogous formula. Let /(.r) be a rational integral function of .r, and 
fi{x) and / 2 (‘^) any two rational integrals of a*, whose sum 


* 111 this connection see Heine (Crelle, bd. Ixi. p. 270) ; Schumann {Math. Ann. 
bd. vii. p G2:5) ; Scheibner {Math. Ann. bd. xxxiv. p. 47.i.) We mention here a paper 
by Serret, ‘ M6moire sur la representation geometrique des fonctions elliptiqucs et 
ultra-elliptiques ’ {Liour. Journ. t. x. pp. 2.57, 28G, 3.51 and 421). Liouville {('ompl. 
Jlend. xxi. p, 1,255, or Lionv. Journ. t. x. p 456) gives a method of representing elliptic 
and hyperelliptic curves. See Kills’ report, p. 72. 
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further write 


then 


c? log <l>(x)_/Ax) fj}ogxP(x)_/ 2 {x) 
dx /(ic) * dx f{^) * 

4 , (a) 


is equal to an aggregate of products of the form 


(a^da tx^dx 

J H'H J 


where m and n are integers, and the quantities „ are constants. 

By making use of certain theorems from the theory of linear diffe- 
rential equations, Abel and Jacobi extended the above results. Formulae 
are derived in which the products of the sums of n such integrals remain 
unchanged when the argument and parameter are interchanged ; and by 
means of these formulae 71 ^ integrals maybe linearly expressed through n'^ 
other integrals, in which the parameter and argument have been inter- 
changed ; and vice versd^ these integrals may in turn be expressed line- 
arly through the first integrals. See in this connection Clebsch and 
Gordan, ^Theorie der Abelschen Functionen,* p. 114, where some inter- 
esting consequences are deduced.^ 

(34) Abel, 'Sur I’integration de la formule differentielle - R et p 

s/ XV 

^tant les fonctions entieres * (‘ QCuvres,’ t. i. p. 104), gave the conditions 


under which the in 



odx 


may be expressed through functions of 


the form log^ — where p and q are integral functions.’* In another 

p — qs/^ 

memoir, published after his death (‘ CEuvres,’ t. ii. p. 87), the general pro- 
blem is solved, when may an elliptic integral be reduced to algebraic - 
logarithmic functions ? Weierstrass (‘ Math. Werke,’ bd. i. p. 227) says 
that the general problem of integrating an algebraic differential by means 
of logarithms, in so far as this is possible, was first proposed by Abel, 
who had arrived at very important results, as is seen from a letter written 
to Legendre (‘ Oeuvres,’ t. ii. p. 271), and it is very probable that just these 
investigations led him to his celebrated theorem. 

Abel (‘ Oeuvres, ^ t. i. p. 549) derived the more general theorem relative 
to the form which one must give to the integral of any algebraic function 
when it is possible to express this integral by means of algebraic and loga- 
rithmic functions and elliptic integrals : 

Vii y 2 i • • • algebraic functions of . . . x^, and let 

the £c’s be connected by any number of algebraic equations. 


' Cf. also Weierstrass, 'Wer'ke^ bd. i. p. 113, where the source of the properly of 
interchange of parameter and argument is revealed ; Frobenius (Crelle, bd. Isxiii. 
p. 93). 

* Cf. papers by Tschebyscheff {Liovv. Journ. 2nde s^rie, t. ii. p. 1); Pick 
iingsh. der kaiserl. Akad. der Wusenschuften in WxeUy 1882, p. C43); Plana (Crelle, 
bd. xzzvi. p. 1). 

1897, 


T 
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If any integral of the form 

is expressible in algebraic and logarithmic functions and elliptic integrals 
in such a way that 

\{y\dx^-\-y^idx^+ . . . 4-y^G?ajJ='ifc + AilogUi + A2log'y2 + . . . +A„logv, 

+ «i'/'i(^|) + «2^2(^2)4- . . . +^rt^n(Ol 


where A,, Ag ^ 2 , .. . are constants, tCj Vj, Vgj • • • ^ 2 > • • • 

are algebraic functions of a;i, . . .and 4^^ “^29 • • • elliptic inte- 

grals of the three kinds with any moduli and parameters, then Abel proved 
that this integral may be always expressed in the form : 

^\{y\dx^+y2dx.^-\-. . . 2/^cfa;^)=r-fA'log p' + A"logp" + . . . -f A'dogp^*’ 

-4-aiV/'i(dj) -f-^*2^2(^2) d" • • • Hh 


where ^ is an integer, «!, a.jj • • • the same as in the preceding ex- 

pression ; A', A!' . . . A^"^ are constants; Ai(d^), d^, A 2 (dg) . . . 

') p'j 9" 9 • • • are rational functions ^ of the quantities x*i, £C2 j 
• • . ; yi, y2» • • • y^- 

Abel remarks (p. 550) that this theorem is not only fundamental in 
all that concerns the application of algebraic and logarithmic functions and 
elliptic integrals to the theory of the integration of algebraic ditferentials, 
but it includes all the possible reductions of the integrals of algebraic 
formulje by the aid of algebraic and logarithmic functions. 

As a corollary is the following theorem : If , where p is any 

J A(a;, c) 

rational function of x, and A(x,c) denotes ± V(l— (1 — is 
expressible by algebraic and logarithmic functions and elliptic integrals, 
then we may always suppose that 

+ “ '^‘(^'^+“'’'^■■‘(^ 2 )+ . . . 

JA^x, c) 


+ Ai log^L+?i;^(5L«)+A,log 

3i-g'iA(x,c) 


q.^ + q.; A{x, c) ^ 


where all the quantities q^y 5 ' 2 » • • • Qit 9.19 • . • 2/; yi> 2/27 • • • 
rational functions of x. 

From this may be derived a complete solution of the equation 
dy dx 

c) ~ ' c') 

where c is a constant, and whence also the general transformation of 
elliptic integrals of the first kind. 

(35) Similar problems were discussed by Liouville Memoires des 
Savants Strangers,’ t. v. pp, 76 and 103) before he had seen the methods 
used by Abel. Liouville says that the problems proposed by him do not 
differ in their origin from those enunciated by Lagrange in the ‘ Th^orie 


’ when denotes any rational function of a?, and Am(^) 

* See Poisson’s report on these memoirs in Crelle, bd. xii. p. 342, and the note 
appended by Liouville ; also Jurgensen (Crelle, bd. xxiii. p. 129). 
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analytique des Probabilitt^s/ viz. that the integrals of differential func- 
tions cannot contain other radical quantities than those that enter these 
functions, theorems which were known to the first inventors of analysis 
(see Leibnitz, * Act. erud. Lips.'). In the first of the memoirs mentioned 
above Liouville proposes the problem of finding the form of the integral 

\^ydx^ when this integral may be expressed algebraically, where y and as 
are connected by an algebraic equation 

— . , , —My — N=0, 

L, M, . . . designating rational functions of x ; he shows that the value 
of such an integral is equal to a certain rational function of x and y. In 
the discussion of this theorem he classifies functions of one or more 
variables according to the irrationalities that enter them.^ 

In the second memoir the general theorem which he proposes to 
demonstrate is : if any algebraic explicit or implicit function y is given, 
it is always possible to decide if it has or has not for an integral an 
explicit or implicit algebraic function \ and if the question is decided in 

the affirmative, the same process will give the value ^ydx. 

He shows that if the integral ^ydx may be expressed algcbi-aically, it 
has a value of the form : 




=«+/5y+ry"+ 




in which a, /3, y, . . . \ are rational functions of x. 

In the twenty-third volume of the ‘ Journ. de TEcolo Poly.’ p. 37, 

Liouville finds that if the integral ^ydx is expressible as an explicit finite 
function of it must be of the form ; 

|yc7x=<-l-A log?4-fB log v-f ... -f C log w, 


where A, B, . . . are constants, and -it, v, . . . are algebraic functions of x. 
This theorem is of course contained in the one of Abel in the preceding 


article. Liouville further shows that if 


Fdx 

v/R’ 


P and R denoting integral 


polynomials, cannot be expressed by an algebraic function of x, it cannot 
be expressed as a finite explicit function of x ; from this follows that an 
elliptic integral of either the first or second kind cannot be expressed as 
an explicit function of its variable. (See also Liouville, ‘Liouv. Journ.’ 
t. V. pp. 34 and 441, where it is proved that the same integrals, considered 
as functions of their modulus, cannot be expressed in finite form.-) 

(36) Jacobi (‘Do functionibus duarum variabilium quadrupliciter 
periodicis,’ Crelle, bd. xiii. p. 55 ; ‘ Werke,' bd. ii. p. *25) proved that any 
one-valued function of one variable cannot have more than two inde- 
pendent periods, and that the ratio of these two periods cannot be a real 
quantity and is irrational. 


' See also two memoirs by Liouville, * Sur la Classification des Transcendantes ’ 
i^Liouv. Journ. t. ii. p, 66, and t. iii. p. 623) ; and Poisson (Crelle, bd. xii. p. 89, and 
bd. xiii. p. 93) 

* Cf. Ziovv.Jcvrn. de VjScole Poly., t. xiv. p. 137 ; and Ellis, p. 70. 
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Making use of Richelot’s transformation, Jacobi wrote the genera) 
integral under consideration in the form : 


(A.) 




(a + px)dx 


‘^x{l — aj)(l — 

He distinguished the values of this integral within the six intervals : 


(1) «oo . . . 0, (2) 0 ... 1, (3) 1 


1 


( 4 ) 


1 


1 


(5) 


1 




When the upper limit x in formula (A.) is considered as a function of ti and 
written x=\(u), this function behaves like a periodic function within 
each of these intervals, and therefore seems to have six periods, of which 
four are independent. Further, this function remains unchanged when u 
assumes any real or imaginary value, or better expressed, of the values 
which u may take, there are always those which differ from any real or 
imaginary quantity by less than any assignable quantity, however small. 

Jacobi found in this a troublesome paradox, which, however, he had 
already in a measure overcome by means of AbeFs theorem (see following 
article). 

Jacobi next proved that if a given function of two variables is an 
one- valued function of these variables, it is impossible for this function to 
have more than four independent periods.^ 

(37) The inverse functions . — Corresponding to the function ic=sn u 
(art, 9), if we try to introduce into analysis a transcendent cc=X(w), where 

(!.)«= =nH 

Jov ^ 


X being a rational integral function of the fifth or sixth degree in cc, then 
there is no analogy between this function and the elliptic function a;=sn 
since such a function, as seen above, has for every value of u not only 
many values, but is wholly indeterminate, ^ if for the definition of the 
integral we consider only the limits and not the paths which the variable 
describes from one limit to the other. Hence, when we consider the 
integral (I.) by itself, its inversion does not give useful results. 

The close connection between the integral 11 (x) and the integral 

(II.) 

Jo V ^ 

was seen in art. 23. 

Jacobi conceived the very fortunate idea of inverting these integrals 


* The more general theorem that a one-cahied funct'nm of n variaVles canoot 
have more than 2n intleprnd^^nt periods was proved much later by Riemann (Crelle, 
bd. Ixxi. p. 197). See also Weierstrass {Monatsh. dor Akad. der iriw. zuJicrlin, 1876, 
p. 680 ; Fxinctionenlehre, p. 166). 

3 (f. Jacobi (Crelle, bd. ix. p. 394; Werke^ bd. ii. pp. 7 and 616). 
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by connecting two integrals u and v with the variables a;, and in the 
following equations : 


(1) p‘^*.=n(*,)+n(*,), 

(2) «= =n.(a:,) + n.(a:,). 

jo V ^ jo V X 


In these two equations, when u is given, the upper limits and X 2 
are not yet determined, there being two of them ; so that we may regard 
u and V as independent of each other. This we cannot do when we 
consider the integrals (I.) and (II.) separately ; for if x was determinate 
for a given value of it in (I.), then it would be determined in (II.), and 
therefore (II.) would be determined. 

When u and v are given, the totality of the upper limits (that is, of 
and X 2 ) is known ; but these quantities may be permuted, so that 
Xi+X 2 and Xj/rj are definitely determined when and v are given, and 
maybe expressed as the roots of a quadratic equation Ax‘^ + Bx + C=0, 
B O 

where Xj +X 2 = — =<^(iqv),andxi.X2=-^=4/(w,r). A, B, and C are 

A. -A- 


functions of ?/. and v, which have definite finite values for all finite values, 
real or imaginary, of the two arguments u and v ; and the functions 
<l>(n^v) and \p(uyv) have with reference to the arguments 21 and v four 
simultaneous independent periods. 

Let the values of Xy and Xg, determined from the quadratic equation 
above, be Xi=:A(?/,v), .r. 2 =Ai(w,'r). 

In these functions it is seen that when one of the arguments goes to 
infinity, the other becomes indeterminate, and when one of the arguments 
changes by a constant quantity the other argument is also changed, so 
that both arguments undergo an alteration at the same time, and the 
period of one argument is determined by the period of the other ; this is 
the characteristic property of the periodicity. 

(38) The functions A(w,v) and Aj(?«,v) are analogous to the elliptic and 
trigonometric functions, and may be algebraically expressed in terms of 
functions that contain only one variable.^ 

For let and be the values of Xj and Xj when we put v=0, and 
and X 2 ^°^ the values of these variables when ?t=0. 

Then from equation (1) and (2) above 


^(X 1 °) + ^(X2«)=^4 ; ij,(x,°)+rT,(x 2 °)= 0 , 

ll(xr) + n{x,f^)=0 ; n,(x/«0-f 1 L(x2^°>)=u. 

H ence 

n(xiO) -h ri(.V) + n(x,< 0 >) + n(x2^°>)=2^, 

n i(xi«) + II 1(^-2*^) + + n i(x 2 ‘^>)=r. 


Owing to Abel’s theorem, the two quantities Xj and Xg may be alge- 
braically expressed as functions of x^®, Xg®, and Xa^®^ in such a way 
that 


n(xi®) + n(x2®) + n(xi<®>)+n(x2^®>)=n(x,) + n(x2)=i^, 
1 (^ 1°) ■+■ 11 1 (^2*^) + il 1 ('^ I + II 1 ~ I I ) + ^I 1 (^’2 ) —'y 


* See Jacobi (Crelle, bd. xxx. p. 183 ; Werltey bd. ii. p. 86). 
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exist simultaneously ; so that a;, and arg are algebraic functions of the 
four quantities tCj®, and ; that is, the functions of two 

variables and may be algebraically expressed in terms of the 

four quantities of a single variable 

A(w,0), 

X(0,u), Xi(0,v). 

Eisenstein (Crelle, bd, xxvii. p. 185) writes as follows regarding the 
inverse functions : ‘ Great difficulties are found with the Abelian integrals 
whose inverse functions have a triple or multiple periodicity. Under the 
assumption that an integral with definite lower limit may take all possible 
real and imaginary values for any given value of the variable, the Abelian 
integral ceases to be a function of its variable. In order to meet these 
difficulties, for example in the Abelian integrals of the first order, Jacobi 
considered two such integrals connected by the relations (1) and (2) of 
the preceding article. But if we grant that the function IT(.Ti) can have 
all possible values for any given value of x^, the function T[{x.^ may have 
the same property for every given value of x.^^ and so the sum u may for 
a greater reason take all possible values for given values of Xi and The 
same is true of r j so that it is not clear how we may speak in this wise 
of a dependency between r, ajj, and a’a.* Eisenstein then proposes, 
in order to set forth the real nature of these functions after the analogue 
of the elliptic functions (art. 11), to form the quotients of the quotients 
of infinite triple products. 

Jacobi Werke,’ bd. ii. p. 86) corrects Eisenstein’s objections with the 
remarks that Eisenstein did not understand the nature of the functions 
his mistake being that he did not sufficiently comprehend 
the fundamental principle of the co-existence of the periods relative to the 
two arguments and u He then asks if the quotients of quotients are 
not simply quotients, and points out how Eisenstein has made some 
fundamental mistakes in the theory of elliptic functions (Crelle, bd. xxvii. 
pp. 185 and 285). 

(39) Hermite (Extrait d’une Lettre h M. Liouville, ‘ Comp. Ttendus,' 
t. xviii. ; ‘ Liouville’s Journ.’ t. ix. p. 353) introduces into the analysis of 
the transcendents of any algebraic differentials the inverse functions of 
several variables, after the example of that which had been done by Jacobi 
for the hyperelliptic integrals of the first order. 

Using the notation of Abel and of Minding, he takes 

xii/)=Po+Piy+P2V^+ • . • 

an irreducible algebraic equation, whose coefficients are rational and in- 
tegral functions of x. The roots of this equation he denotes by yi, 3/21 
. . . He further writes : 

/i^,!/)=to+(i2/+ • • • 

any rational integral function in x and y, in which the degrees of the 
ic’s are subjected to certain restrictions. 

Finally, let 7 denote the number of arbitrary constants that are con- 
tained in the function / (cc,y) ; this function may then take 7 different 
forms, which are represented by 

Designate by x,, x^, ... .. variables where ^>7 and byy,,,, y,,, 

• • • irrational functions arbitrarily chosen among the n roots yj, y 2 , 

• • • Vn* 
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Then by Abel's theorem we have in algebraic form the complete in- 
tegrals of the system of equations. 


2 



dxj-=. Of 

(i=l, 2, . . . r). 


(40) Hermite then takes for the inverse functions the quantities 
a:,, Xj, . . . a:, defined by the y equations 


and writes 


■' Vn)) 

— — — - — ux — u„ 

^ x(2'o)) 

(t=l, 2, . . . y), 


a',=X (n„ « 2 , . . . ti,), 

(t=l, 2. . . 


It follows ^ without difficulty that the y functions 

X(?4i+Vi, + + 

(i=l, 2, . . . y), 

are the roots of an algebraic equation of the degree y, whose coefficients 
are rational functions of the different functions 


A. u^, , . «,), A.(«|, . . . V,), 

{i=\, 2, . . , y). 

In the third section of this memoir, Ilerniitc discusses the periodic 
properties of these functions, and determines their periods. 

The theorem relative to the addition of the arguments leads to the 
expression of the inverse functions in all their generality in terms of the 
simplest particular functions, in which we may suppose successively that 
only one argument varies, the others being constant, zero for example (c/! 
art. 38). 

As an illustration, we saw in art. 24 that functions connected with 
the hyperelliptic integrals of the second order arise, in which appear three 
arguments, 11 (w, v, w), say ; and from Abels theorem it follows that 
n {ii + w' + u''f t; -f t;' 4- v", tv w' w")= II {u^ t?, iv) -f 11 {u'f Vf w') 
4 11 (w", v'f w') 4 alg. and logarith. function. 

Now writing 

w = 0, = 0 ; = 0, = 0 ; v" = 0, w" = 0, 

we have 

II {u'f v'f w) = 11 (0, 0, to) = II (0, v'f 0) 4 n (u"f Of 0) 

4 alg. and logarith. function. 

At the end of this memoir are found certain theorems relative to the 
transformation of elliptic integrals {cj'. Hermite, ‘ Cours a la Faculte dos 
Sciences de Paris,’ 4^"“® ed., 1891) ; from these theorems formulie are 
deduced which set forth in a beautiful manner many problems of trans- 


* 8ee also Hermite (‘ Sur la division des fonctions Ab61iennes,’ Mcmoires des 
Savants Hrangers, 1848, p. 672); and Richelot (Crelle, bd. xxix. p. 281; and 
Liouvillds Journ. 1843, p. 606). 
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formation, multiplication, and division that are found in Jacobi’s ‘Fund. 
Nova.’ Among others we may mention a direct method of the trans- 
formation of elliptic functions of the third kind, without presupposing, as 
is done by Jacobi, the formula of the transformation of functions of the 
second kind. 

(41) Jacobi, in the eleventh section of his memoir ‘ De functionibus 
duarum variabilium quadrupliciter periodicis,’ states without demonstra- 
tion that if we have 

X — \(ri, v), y — \,(u,v), 

then the functions 

x„ = )^(nu,nv), y„ = \^{nu,nv) 

are by Abel’s theorem obtained as the roots of a quadratic equation 

+ XJX + U" = 0, 

in which U, U', U" are rational functions of a;, y, \/X, v^Y (see art. 37) ; 
and from this it is seen, vice versd^ that x and y may be obtained from 
and y„ by the solution of algebraic equations. 

Hermite (Crelle, bd. xxxii. pp. 176 and 277) finds that the coefficients 
XT, U', and U" are of the form P + Q J(a:-‘)Ay, where Pand Q are rational 
functions of x and y, and where 

A(x’) = v'X (above) = \/x{l—x) (I — k'^x) (1 (1 — fu'^x). 

Let ii\/ — 1, iiV — i, ii be the four periods of the integral 


j* ^ ^ corresponding periods of 

1 simultaneous roots of the two equations 


(A.) Ua',.^ + U'a^„ + U"=0, Uy„2 + TJ'y« + U"=0 

are expressed by Hermite through the formula? 

-f- m il \/ - 1 4- — 1 

\ n 

n /’ 

\ A. , 7m,v/ — l+7H'i2-}-m"i3v/ — 1 

y — Aj I n -t- , 

\ n 

y 1 V — 1 -I- nii\ -f tn'i\ \/ — 1 4- 

n / 

where ?n, m\ m'\ and m'" may take any of the values 0, 1, . . . n— 1. 
For brevity Hermite writes 

I=zmii n/ — 1 — 1 -hm'"i^y 

and I’=jai'i-s/ — 1 4 ‘m'i ’2 + m"i' 3 N/ — l+m'^i'^, 

and hy/(x,y) is denoted any rational symmetric function of x and y, 
and p, r, % are used to indicate any four of the roots a;^=l. 
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Hermite next proves that 

m"'-=n— 1 t7i"=n— 1 


(B.) 


n-1 »n=n-l p / T T/\ 

2 2 S 2 /[t + ’ 


m'—O m =0 




= V A4-BA(\(7m, CA(A,(rm, ?iv))-(-DA(\(ww, nv)) A(\i(rm, nv)) 

where A, B, C, D are rational functions of 7iv) and \i(nw, 7iv). 

The first member of this equation may bo denoted by (w, v), and 
may be expressed rationally in terms of X (tif v) and Xi (u, v), since, owing 
to the fundamental properties of the functions X and Xj, this is true of 
each of the terms constituting </> (Uy v). 

It is easily proved that 


{71 + 


v + 


K'ii \/ — 1 -f- •>■^'^2 "h ^ i *4" '^4 

71 

s/ — 1 -f* 2 "4 “ ^ 3^/ — 1 *4" 






<1 

whatever be the values of the integers t:, k, k" and k'". 

The ?ith power of 0 is a rational function in X (?4, ??), Xj (//, i’)> which 
does not change when for these quantities are substituted any two other 
of the simultaneous roots of the proposed equations. It follows, there- 
fore, from the theory of the symmetric functions of the roots of a system 
of equations in several unknown quantities, that this function may be 
rationally determined in the coefficients of the equation (A.) ; and since 
any rational function of two roots A(X(m/, av)), A(Xi may be 

put under the form 

A-f BA (X (ria, nv)) + CJ^ (Xj (?ia, 7ir))-l-DA (X (a?i, 7ir)) A (Xj ( 7 m, 7iv)), 
the theorem is proved. 

(42) Hermite says, in continuance of the above discussion, it seems, 
that the preceding considerations may be extended to the hyperelliptic 
integrals in general. 


F or let A(.7:) = s/ .r ( 1 — x) ( I — X j 

0^(x ) = a, -f- J3^x -I- + . . 


and write 






74,= !\(;C,)-fa>.(a:,)-4-<I»,(-^2)4- . . . 

and 

(1=0, 1, 2, . . . 70. 

Then 

(i=0, 1, 2, . . . 7i), 

where the partial derivatives may be rationally expressed in terms of the 
functions X. Since ti is of the Tith degree, it appears that the roots of the 
equation of the 71 th degree 




.dx. 


dx^ 


are the n functions ccq, oji, . . , 


0Wa 


v0£C, 



282 


REPORT — 1897 . 


In a letter to Liouville {loc, cit. p. 361), Hermite states that the 
representation of these functions is attended with great difiSculties. 

By supposing successively f {x,y)=x-\-y and /'(a?, ?/, the pre- 

ceding theorem will give, expressed by a sum of nth. roots, in number 
1, the coefficients of an equation of the second degree, whose roots 
will determine those of the proposed equations. These roots will 
be expressed rationally in terms of four of them. 

Hermite next discusses the division of the periods. 

In the second paper mentioned above, Hermite derives Jii'st certain 
theorems, from which he deduces, among others, Jacobi’s formula for the 

algebraic expression of sin am (x) by sin am , and Abel’s fundamental 


properties of elliptic functions which relate to the addition of the argu- 
ments ; other formuhe, which involve J acobi’s H and 0 functions are 
given. 

Applications are then made to functions of two arguments and four 
periods. Hermite writes the integrals of the third kind in the form 



^(b)Ydx^ /A(a) ^ 1 

X — 6 / Aic \y — a y — h)^y J 


the integral being subjected to vanish, when and y—0. Arc repre- 
sents the square root of the polynomial 4- ■hl> 

After 

x=\{n,v) 

a=A(a,/l) 6 =Ai(o,/ 3 ) 

are substituted in (I.), this integral is denoted by 11 (^/,r,a,/)). When the 
variables u and r are introduced into the integrals of the second kind 


K 


x\lx 

W) 



xMx , 



they are first denoted by (a,v)i and respectively. 

Two new integrals are defined by the relations : 

The following theorem is then derived 

lT(i^,r,a,/)) — n(a,/3,w,'r)=;^3(au — jSu) + aEi('?^'?’) 

+ /3E^(w,u)— '?^Ei(a,/3)— ??E^(a,/3), 

a formula in which is seen the law of interchange of parameter and 
argument (art. 33). 

Hermite further defines a function <I> by the relation 

4>(i/.,t>,a,/3)=n(w,r,a,/3)-f?4Zi(«,/3) + 'yZa(a,/3) — c(au — im)y 

where Zj and are certain functions of Ej and E^ respectively, and 
c is a constant. 

Interesting addition-formula3 are derived for the two functions II and 
^ (c/. report made by Lame and Liouville, ‘ Comp. Rend.’ xvii. and 
‘Liouv. Journ.’ t. viii. p. 502). 

(43) The introduction of the theta fitnction . — The new functions of four 
simultaneous periods which Jacobi had discovered were received with 
great enthusiasm by mathematicians. The Academy of Sciences at 
Copenhagen wished to see presented the analogous functions that are 
connected with the integrals of all algebraic functions, to which Abel’s 
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theorem may be applied.^ The representation of these functions, however, 
was not forthcoming, and later the solution of this problem was set as a 
prize question by the Berlin Academy of Sciences. 

Abel had shown that the elliptic function a:=sn u could be represented 
as the quotient of infinite products. Jacobi, with the thought of repre- 
senting an infinite product by means of a transcendental function, intro- 
duced into analysis the so-called d-functiorij which represents such a 
product in the form of a power series. Investigating further this tran- 
scendent, he discovered its marvellous properties, and made use of it in his 
further researches in the elliptic functions. Jacobi ^ founded the whole 
theory of elliptic functions upon this new transcendent, which made these 
functions remarkably clear and simple, as well as their applications, for 
example, to rotatory motion, the swing of the pendulum, and innumerable 
problems of physics and mechanics ; also by it the realms of geometry 
were essentially widened, and many abstract properties of the theory of 
numbers were revealed in a new light. 

Hence it appears that the ^-function showed itself of paramount 
importance for the study of mathematics during the Jacobian epoch, and 
as a prototype it served for the future development of the function-theory 
and of all mathematics. 

(44) The elliptic function a3=sn?t, as shown by Jacobi, maybe expressed 
as the quotient of two ^-functions, where the d^-functioii may be written 
in the form 

»n= ■» 

m=— 00 


in which m takes all integral values from — oo to -f oo, u is the variable, 
and the constant r is determined from the two periods of the integral 


u 



where X is of the fourth degree in x ; or, as Jacobi says, r determines the 
modulus of the elliptic integral. 

(45) 6-fuitctioas of two aryuoieitts. — Goepel,^ and in an independent 
manner Rosenhain,'‘ generalised the simple d-function of one variable and 
formed analogous transcendents, the ^-functions of two variables 

+ » 

\ + a -nm -» a ,n- + 2mu + iMt 


where here both m and ii take all possible integral values from — cx^to + 00 , 
u and V are the variables, and the constants uj, a 2 , and ag are deter- 
mined from the four periods of the integrals 


1 


X 

0 


and r 
^/X Jo 


xdx 


* Jacobi, Werke, bd. ii. p. 517. 

* Jacobi, Fund. Fova, p. 45 ; also Wer^e, bd. i. , p. 497. More recently Schellbach 
has made the 0-functioii his starting-point in his book, Fie Lehre von elliptischen 
Integralen und den Theta-Functionen^ Berlin, 1864. 

* Goepel, Theorice transccndentium Abelianarum primi ordinis adiimbratio levis 
(Crelle, bd. xxxv. p. 277, 1847). 

* Rosenhain, Memoire sur les fonctioJis de deux variables d guatre periodesy Jl'c., 
M6m. des Savants 6trangerSyt. xi, p. 361 ; see also Crelle, bd. xl. p. 319. Further 
see Jacobi, Notiz uber A. Ooepel, Crelle, bd. xxxv. p. 313. 
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where X is a rational integral function of the fifth or sixth degree ^ in x. 
By means of the quotients of two such ^-functions Goepel and Rosenhain 
showed how to represent the functions <p(u,v) and \l{u^v) (art. 37), and 
thus completely solved the problem of representing the inverse functions 
of the hyperelliptic integrals of the first order. 

The zeros and periodic properties of these two ^-functions, the relations 
between the squares of such functions and of the constants that enter 
these relations, the number of independent relations, Goepel’s biquadratic 
relation, the connection between these functions and Kummer^s sixteen- 
nodal quartic surface, and similar questions, are found in Harkness and 
Morley’s ‘ A Treatise on the Theory of Functions,’ p. 341 et seq. 

(46) Goepel remarked that his investigations could be extended to any 
number of variables ; but in this connection Jacobi showed that there is 
a troublesome paradox ( Werke,’bd. ii. p. 521 ; and Weierstrass, ‘Werke,’ 
bd. i. p. 142) ; since, when there are more than two variables, the 
generalised ^-function contains more essential constants than the hyper- 
elliptic functions with like number of variables. 

(47) We must mention next papers by Her mite, ^ Sur la theorie de la 
transformation des fonctions Abt^liennes’ (‘Compt. Rend.’ xl. pp. 249, 
303, 365, 427, 485, 536, 704, and 784). 

Besides the sum and the quotient of x and y (of art. 37), which we 
saw could be expressed through fractions whose numerator and denomi- 
nator are functions of the argument u and v, and have unique and finite 
values for all finite real and imaginary values of these arguments, Goepel 
and Rosenhain gave in an analogous form the analytical expression of 
thirteen other functions of u and v, which depend algebraically but in an 
irrational manner upon the first two. 

Hermite 2 designates by f\{UyV\ (w,v), . . . r, ('?^,'y) this complete 
system of fifteen functions which appear in tlie study of the integrals 

I cix 

\ s/ If' 

j . yo 

xdx .W.y 

Jyo 

when (fi {x) denotes a polynomial of fifth or sixth degree in x, and which 
are analogous to the functions sn u, cn w, and dn u of the elliptic inte- 

* Cayley (* Memoir on the Single and Double ^-function,’ Trans. 1880, pp. 
.897-1002) treats the whole theory in a manner analogous to that employed by Goepel. 
In this paper special attention is paid to the relations among the squares of the 
functions and to the derivation of the biquadratic relation among four of the 
functions, which is the same as Kummer’s sixteen-nodal quartic surface. See also 
Cayley (Crelle, bd. Ixxxiii. pp. 210 and 235 ; and Forsyth (Biographical Notice on 
Arthur Cayley, ‘Obituary Notices’ of the Proc. Royal Society, vol. Iviii.), and 
Cayley’s Math. Papers, vol. viii. p. ix, where other references are given. Other papers 
on the same subject by Cayley are found in Crelle, bd. Ixxxv. Ixxxvii. and Ixxxviii. 
Prof. Forsyth, ‘ Memoir on the Theta-function, particularly those of two Variables ’ 
i^Phil. Trans. 1882, vol. clxxiii. p. 783) follows more closely Rosenhain’s paper, and 
extends it in many directions. Cf. also Kdnigsberger (Crelle, bd. Ixiv. p. 17} bd. 
!xxxi. p. 193; and especially bd. Ixxxvii. p. 173, where the problem of transforma- 
tion is discussed fully), and also Math. Ann. bd. xv. p. 174. 

* Hermite, Sur la th&orvc de la transformation des fonctions Aheliennes (^Compt. 
Rendus, t. xl. pp. 249, 303, 365, 427, 486, 636, 704, 784). 


(T-; 
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grals. In a similar manner he denotes by Fj {u^v), . , . F, 5 (w,v) 

the functions of a similar nature to which one would come in taking for 
point of departure the equations 



1 ^ a-\‘Px 


1 ^ y + j ^ V 4 - r 2/ 


where o, /I, y, and c are constants, and xp (x) a polynomial of the fifth or 
sixth degree in x. 

Hermite proposes as follows the problem of transformation : The poly- 
nomial ip (x) in (I.) being given, determine the coefficients of \p (.t), and 
the constants n, /3, y, and B in such a manner that the fifteen functions 
F (?t, v) be rationally expressed in terms of the fifteen functions f(u^v). 

By comparison of the linear relations that must exist among the periods 
of the f (Uf v) functions and the F (u, v) functions, and of the relations 
that exist among the periods that belong to these respective functions, 
many remarkable consequences are deduced. In this connection see a 
letter of Eisenstein to Hermite (‘Liouv. Journ,’ xvii.) and also Eisen- 
stein, ‘Ueber dieVergleichung von solchen ternaren quadratischen Formen, 
welche verschiedene Determinanten haben^ (‘ Sitzungsber. der Berlin. 
Akad.^ June 1852), and Hermite (Crelle, bd. xlvii. p. .343). From these 
papers is seen the intimate relation that exists between the analytic theory 
of transformation and the arithmetical theory of quadratic forms. 

In the execution of the transformation a system of sixteen fl-functions 
is introduced, sixteen functions which may be algebraically expressed in 
terms of any two of them. 

Four new functions, II^, n,, Ilj, and Ha, are introduced, which may be 
expressed by an integral homogeneous function of degree k* in four of the 

• ^ ^ I 

^-functions. The n -functions contain linearly ^ constants. There 

are just enough conditions of the problem to determine these constants. 
Further, the ll-functions are defined in terms of other 0-functions. Fiom 
this follow immediately relations among the quadruply-periodic quotients 
which arise from the division of two 0-functions and those which arise 
from the division of two d-functions. These last functions may be regarded 
as representing the more general periodic functions which orginate from 
the hyperelliptic integrals of the first order, when the arguments x and y/ 
have been replaced by others which depend linearly upon them in any 
manner. 

Thus the proposed problem of transformation is solved.’ On p. 704 
of the ‘ Compt. Rendus,' t. xl., Hermite gives a method of division of the 
fi-f unctions, and compares them with Weierstrass’ Al-f unctions of the fol- 
lowing article. 

Liouville and Hermite made use of the periodic properties of the single 
fi-f unctions, and derived for the elliptic functions the results of addition, 
multiplication, transformation, and division ; and Hermite by direct trans- 


* C/. Brioschi (Compt, Rend, xlvii. p. 310). 
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formations gained a clearer insight into the properties of the f) -functions 
of two variables. See Liouville (‘ Compt. Rendus/ 1851) ; and Hermite, 
(Crelle, bd. xxxii. pp. 176 and 277). 

(48) As those mathematicians whose works were mentioned in arts. 
1-11 laid the foundation for the investigations of Jacobi and Abel, so 
may we also regard the works that have been reviewed up to the present 
time as introductory to the works of Weiers trass and Riemann. 

The theory of Abelian functions has been so generalised, so widened, 
by these mathematicians and their followers that wo may make the same 
remark concerning it as Jacobi (in a letter to Crelle, ‘ Crelle’s Journ.* 
bd. iii. p. 310) made regarding the elliptic functions : ‘You see that the 
theory is a vast subject of research, which in the course of its development 
embraces almost all algebra, the theory of definite integrals and the 
science of numbers.' 

As suggested in the introduction, an account of the works of Weier- 
strass, Riemann, Clebsch, and later writers cannot be given in this report 
owing to the lack of space required for such a statement. To leave the 
work thus unfinished would cause the author much regret ; however, there 
has just appeared the admirable treatise of Mr. H. F. Baker on ‘ Abel's 
Theorem and the Allied Theory,' in which the discoveries of the mathe- 
maticians just mentioned and the development of the theory of Abelian 
functions are treated in a very comprehensive and elegant manner. 

In conclusion, the author takes much pleasure in referring to this book, 
at the beginning of which we are taught that no better guide can be found 
to the analytical developments of pure mathematics than a study of the 
theory of Abelian functions. 


The Action of Light vpon Dyed Colours. — Report of the Committee, 
consisting of Professor T. E. Thorpe {Chairman), Professor J, J. 
Hummel {Secretary), Dr. W. N. Perkin, Professor W. J. Russell, 
Captain Abney, Professor W. Stroud, and Professor R. Meldola. 
{Drawn vp hy the Secretary,) 

During the past year (1896-97) the work of this Committee has been 
continued as usual, and a large number of wool and silk patterns, dyed 
with various natural and artificial brown and black colouring matters, have 
been examined with respect to their power of resisting the fading action 
of light. 

The Committee regret to state, however, that at this meeting of the 
Association they are unable to give an account of the results obtained, 
since at the earlier date this year at which Reports of Committees had to 
be sent to the Organising Committees the dyed patterns were still under 
exposure to light, so that the Report could not be prepared. It will be 
presented, however, at the next meeting of the Association. The Com- 
mittee ask for reappointment, and for a grant of 81. to carry on the 
work. 
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The Teaching of Science in Elementanj Schools. — Report of the Com-- 
mittee, consisting of Dr. J. H. Gladstone (Chairman) ^ Professor 
H. E. Armstrong (Secretarg)^ Professor W. P. Dunstan, Mr. 
George Gladstone, Sir John Lubbock, Sir Philip Magnus, Sir 
H. E. Eoscoe, and Professor S. P. Thompson. 

Your Committee have much pleasure in being able to report that during 
the past year the teaching of science subjects in Elementary Schools has 
made considerable progress. They think it unnecessary to repeat the 
table showing the dearth of any such instruction, other than that of 
Geography before the year 1890, but give the tigures for the principal 
class subjects for the succeeding years, showing that while ‘ English ’ (Le. 
grammar, not literature) is gradually losing favour, the scientific subjects 
are all receiving more attention. It will be seen that there is a very 
rapid advance in regard to Elementary Science, although ‘ Object Lessons,’ 
as such, appear in the return this year for the first time, and have at once 
taken a good place in the schools. The figures up to 1895-96, which is 
the latest return issued by the Education Department, are as follows : — 


Clai-8 Subjects— Departments 

18‘J0-yi 

1801-02 

1802-9. 

1893-94 

1894-95' 

1895-90 

En{:?lish 

10,825 

18,176 

17,394 

17,032 

16,280 

16,327 

Guo^^raphy .... 

12,806 1 

13,485 

14,256 

15,250 

15,702 

16,171 

Elernciitary Science . 

17:5 

788 

1,073 

1,215 j 

1,712 

2,237 

Object Lessons .... 


— 

— 

__ 

— 

1,079 


The number of departments in ‘schools for older scholars ’ for the 
year 1895-96 was 22,943, which, deducting 21 that did not take any class 
subject, leaves 22,922. But History was taken in 4,143, and Needlework 
(for girls) in 7,219 departments, and sundry minor subjects in 849, making, 
with the other four subjects of the table, 47,025 in all. This shows an 
average of more than two class subjects to each department, while in tiui 
previous year it was rather less than two. While recognising with satis- 
faction the increase in the returns for Elementary Science and Object 
Lessons, it must not be assumed that they are given throughout the 
schools, the latter subject being more particularly intended for the three 
lower standards. The next return should show a great increase in these 
Object Lessons, as they became obligatory on September 1, 1896, in these 
standards. 


Specific Subjects. — Children 

1890-91 

1891-92 

1892-93 

1893-94 

1894-95 

1895-96 

Al^^ebra .... 

31,349 

28,642 

31,487 

33,612 

38,237 

41,846 

Euclid .... 

870 

027 

1,279 

1,399 

1,468 

1,684 

Mensuration 

1,489 

2,802 

3,762 

4,018 

5,614 

6,859 

Mechanics 

15,569 

18,000 

20,023 

21,532 

23,806 

24,956 

Animal Physiology . 

16,060 

13,622 

14,060 

16,271 

17,003 

18,284 , 

Botany .... 

2,115 

1,845 

1,968 

2,052 

2,483 

2,990 

Principles of Agriculture . 

1,231 

1,085 

909 

1,231 

1,196 

1,059 

Chemistry 

1,847 

1,935 

2,387 

3,043 

3,860 

4,822 

Sound, Light, and Heat . 

1,085 

1,163 

1,168 

1,176 

914 

937 

Magnetism and Electricity 

2,654 

2,338 

2,181 

3,040 

3,198 

3,168 

Domestic Economy . 

27,475 

26,447 

29,210 

32,922 

36,239 

39,794 

Total • 

100,624 

98,706 

108,434 

119,296 1 

134,008 

146,305 
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The increased teaching of scientific specific subjects in the higher 
standards is the natural consequence of the greater attention paid to 
natural science in the lower part of the schools. The number of scholars 
examined in the above subjects is shown in the table at the bottom of 
previous page. This shows a fair increase in the total ; the greatest 
proportional increase will be found to be in Mensuration, Botany, and 
Chemistry. In the case of the Principles of Agriculture, and in Mag- 
netism and Electricity, there is an absolute falling off. 

Estimating the number of scholars in Standards V., VI., and VII. at 
605,000, the percentage of the number examined in these specific subjects 
as compared with the number of children qualified to take them is 24*2 ; 
but it should be remembered that many of the children take more than 
one subject for examination. The following table gives the percentage for 
each year since 1882, and shows that science is gradually recovering from 
the great depression of about eight years ago : — 


In 1882-83 





. 29*0 per cent. 

„ 1883-84 





. 260 

}» 

„ 1884-85 





. 22-6 

)) 

„ 1885-86 





. 19*9 

if 

„ 1886-87 





. 18-1 

ff 

„ 1887-88 





. 16-9 

if 

„ 1888-89 





. 17‘0 

if 

„ 1889-90 





. 18*4 

if 

„ 1890-91 





. 20-2 

if 

„ 1891-92 





. 19*7 

if 

„ 1892-93 





. 20-2 


„ 1893-94 





. 20*9 

if 

„ 1894-95 





22*7 

)) 

„ 1895-96 





*. 24-2 

)) 


The Returns of the Education Department given above refer to the 
whole of England and Wales, and are for the school years ending with 
August 31. The statistics of the London School Board are brought up to 
the year ending with Lady Day, 1897. They also illustrate the great 
advance that has been made in the teaching of Elementary Science as a 
class subject, and they give the number of children as well as the number 
of departments. 


Years j 

Departments 


Children 

1890-91 1 

11 


2,293 

1891-92 i 

113 


26,674 

1892-9:J I 

156 


40,208 

189.3-94 ; 

183 


49,367 

1894-95 I 

208 


52,982 

1895-96 

246 

1 

62,494 

1896-97 1 

364 

1 

! 

86,638 


The very rapid increase of the past twelve months must be regarded as 
highly satisfactory ; but there is still room for improvement, as consider- 
ably more than half the departments for older scholars are still without 
this teaching. 
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The work under the Evening Continuation Schools Code continues to 
progress, as will be seen from the following table : — 



Units for Payment | 

Science Subjects 

England and Wales 

London School Board 


1893-94 

1894-95 

1895-96 

1893-94 

1894-96 

1896-9G 

Euclid .... 

595 

1,080 

1,048 

10 

29 

7 

Algebra .... 

3,940 

14,521 

6,667 

10,374 

310 

302 

635 

Mensuration 

32,931 

41,772 

279 

374 

462 

Elementary Physiography . 

2,654 

4,046 

0,690 

37 

9 

6 

Elementary Physics and 

6,500 

7,850 

0,749 

79 

200 

152 

Chemistry 

Science of Common Things . 

6,223 

10,350 

12,900 

231 

202 

408 

Chemistry .... 

3,484 

7,814 

8,222 

212 

465 

404 

Mechanics .... 

841 

1,148 

1,458 

230 

197 

209 

Sound, Light, and Heat 

500 

1,046 

861 

— 

16 

11 

Magnetism and Electricity . 

2,369 

4,451 

5,073 

062 

770 

783 

Human Physiology 

5,696 

8,395 

7,826 

91 

08 

56 

Botany .... 

3.36 

547 

905 

5 

91 

97 

Agriculture .... 

3,579 

4,991 

4,694 

— 

— 

— 

Horticulture 

438 

1,140 

1,812 

— 

— 

— 

Navigation .... 

42 

69 

142 

— 

— 

— 

Totals .... 

51,607 

92,520 

111,031 

2,162 

2,778 

3,179 


It is evident that the more mathematical subjects — Mensuration, 
Algebra, and Euclid — not only maintain their progress of the previous 
year, but continue to increase, though not so rapidly in the aggregate. 
Elementary Physiography' and Horticulture show a great proportionate 
increase ; while the remainder only show a slight increase or an actual 
decrease. In Manchester the School Board have a well-regulated system 
by which the scholars can rise from the Ordinary Day School, through 
either the Higher Grade Day Schools or Evening Continuation Schools, to 
the Board’s Science and Art Evening Schools. These are six in number, 
five of which are furnished with a laboratory for the Study of Practical 
Chemistry. Nearly all the Science subjects in the Directory of the 
Science and Art Department are taught in one or other of these schools. 

The Government Code for this year contains some important additions 
bearing upon the subject on hand. In the Committee’s last report modi- 
fications in the syllabus for Mechanics and Domestic Economy (for 
girls) were desiderated, and a more general teaching of scientific method. 
In the present Code no alteration is made in respect of the subject 
‘ Mechanics,’ but, while the course for Domestic Economy remains as 
before, an entirely new syllabus has been provided under the name of 
Domestic Science, which is defined as the Science of Domestic Economy 
and Hygiene, and it is stated in a note that ‘ the instruction in this 
subject should be entirely experimental, the ex2:)eriments as far as possible 
being carried out by the scholars themselves, and arranged with the object 
of solving a definite problem. Measurement and exact work should bo 
encouraged.’ The whole syllabus is given in the Appendix. The London 
School Board has already adopted this in five of its schools. 

There is an important alteration in the mode in which the Government 
grant for specific subjects is to be assessed in the future. Hitherto it 
1897. u 
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has been on the result of the examination of the individual scholars, for 
which, of course, inspection with notice was necessary ; henceforth the 
payment will be by time, and the scale of payment will be determined by 
the report of the Inspector on his visits without notice. 

In Course H, in the Supplement to Schedule IT., called ‘ Experimental 
Arithmetic, Physics, and Chemistry,’ there are some alterations in the 
order of the work in the upper standards, with the addition of ‘ Floating 
bodies’ and ‘The heat unit, heat capacity, and latent heat.’ 

In the schedule of studies for pupil teachers there is a new column of 
Elementary Science (details of which are given in the Appendix), but it 
is only an optional subject. This has an advantage over the working 
under the Science and Art Department, as the matter for study is not so 
specialised, and it extends through the whole of the Pupil- teacher course. 
But there is no requirement that it should be carried out experimentally. 

In the Elementary Science supplement to Schedule II., the subject 
matter of Standard III. in all the different Courses is unaltered ; but it 
is made clear that it is to be taught by means of illustrative object 
lessons. 

Teaching of Practical Housewifery, (fee., must depend, not on empirical 
rules, but on the scientific principles underlying the actual work. 

The Code of regulations for the Evening Continuation Schools is 
increased in bulk. The new subjects in Science are Domestic Science 
and Commercial Geography. The scheme for Elementary Physics and 
Chemistry is enlarged by the introduction of the measurement of heat, 
and heat capacity. An alternative scheme of instruction in Hygiene is 
provided, which is described as the scheme of the St. John’s Ambulance 
Association. The detailed scheme for Commercial Geography includes a 
considerable amount of matter touching the Physical Geography and 
Climatology, and the raw productions of the countries studied. The 
scope of the syllabus for Domestic Science is much the same as that in the 
Day School Code, with the proviso that ‘the applications to the home 
should be the results of the discoveries made in the course of the experi- 
ments, which should be undertaken in a spirit of inquiry or research.’ 
The directions are exceedingly minute, detailing the ]i)ractieal work to be 
done at every stage of the study. 

It is evident that if this kind of Science Teaching i.s to be given in the 
Elementary Schools a body of teachers must be raised up who are well 
indoctrinated in the new methods. This fact is being recognised now by 
many of the large School Boards, and under that for London in particular 
the classes in Practical Science for teachers, which have been conducted 
by Mr. Heller for some time past, are already bearing fruit ; while the 
same may be expected of the classes in Domestic Science for women 
teachers, now under the management of Miss Edna Walter. The 
Departmental Committee on Training Colleges, of which the Rev. T. W. 
Sharpe (Her Majesty’s Chief Inspector of Schools) is Chairman, may also 
be expected to do something to simplify and improve the teaching of 
Science by providing a more appropriate course of study than the 
specialised subjects of the Science and Art Department for the students 
at those institutions. 

There has lately been held in London an important Conference of the 
International Congress on Technical Education, at which five members of 
your Committee read papers or joined in the discussion. Although it was 
not directly concerned with Elementary Education, there was much that 
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"bore upon the importance and the methods of teaching Science in the 
primary and continuation schools as a preparation for technical studies 
properly so called. A full account of what took place at this Conference 
is being printed in the ‘Journal of the Society of Arts.’ It includes also 
a strong letter from Professor Fitzgerald in advocacy of the system which 
he saw carried out by Mr. Heller daring the Professor’s recent visit to 
London as a member of the Commission on Manual and Practical Instruc- 
tion in Primary Schools in Ireland. 

The question of improved methods of Science teaching in Elementary 
^Schools has also been advanced by the action of the Joint Scholarships 
Board. Early in February Sir Philip Magnus, Chairman of the Board, 
wrote to the ‘ Times ’ inclosing a copy of a memorandum which had been 
prepared by a Committee of the Board, and had been forwarded to the 
Vice-President of the Council. The memorandum may be found in 
•i^xtmiso in ‘Education ’ of February 27. Its principal recommendation is as 
follows : — ‘ In the opinion of this Board, in order to place “ Science ” on a 
sounder footing in Elementary Schools, and, above all, in order that the 
teaching of the subject may be of real value educationally, it is desirable 
that only one Science subject .should be taught up to and within the Sixth 
Standard, and that the course should be a progressive one. It seems that 
this might be accomplished by adopting exclusively Course H, given in 
the Supplement to Schedule II. of the Day School Code.’ It is hoped 
that the Education Department will bo able before long to adopt the 
suggestion of the Board, whose object is to adapt the method of Science 
teaching in its earliest stages to more advanced work, so that there may 
be continuity in method from the Elementary Schools to the University. 


APPENDIX. 

Domestic Science. — The Science of Domestic Economij and Hygiene. 

l^f^ - Measurements of weight and size (volume), preferably in 

the Metric system. Measurement of heaviness or density of water, 
milk, tfec. 

Floating bodies — the lactometer. 

General effects of heat on matter in its three .states, with applications 
to cooking, boiling, ventilation, hot-water supply, steaming, freezing, 
clinical and household thermometers, weight of air, moisture in air, drying 
and airing clothes, weather forecast, distillation, solution, and solubility, 
modes of heating the dwelling, transmission of heat, clothing. 

'2rid stage . — ^Effects of heat on food materials, such as sugar, cheese, 
flour, eggs, fat and lean meat. Modes of cooking : yeast, baking powder, 
a loaf of bread. Effects of heat on mineral matter, such as iron, copper, 
brimstone. 

Rusting of iron, and general nature of air. 

Burning of a match, candle, lamp, and phospliorus. Oxygen the active 
part of air. Burning of carbon, coal, or coke in air or oxygen. Fuel and 
combustion. Coal gas, burner.s, and gas stoves. The gas meter. Carbonic 
acid gas, its presence in the atmosphere, its origin. 

^rd stage . — Sources and impurities of water. Water supply and filtra- 
tion. Hardness of water. Water a product of combustion. Composition 
of water. 

u 2 
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Acids and alkalis, soap, soda, and cleaning. 

Ventilation and warming more fully considered. 

The alimentary system. Foods, composition and functions. Classes' 
of foods. 

Decay and disease ; disinfectants. 

Elementary Science, 

Candidates for probation, — Simple mechanical laws in their application 
to common life and industries. 

Candidates for engagement as Vupil- teachers. — Outlines of physiology 
in its bearing on health and work. 

First year, — Physiography. Matter. Forms of matter. Indestructi- 
bility of matter. Mass, volume, density, specific gravity and weigiit. 
Centre of gravity. 

Force, motion, and inertia. The parallelogram of forces. Composi- 
tion and resolution of forces. Conversion of rectilinear into circular 
motion. 

The Mechanical powers. — Principles of the lever, the pulley, the 
inclined plane, and the screw. 

Energy. — Heat, radiation, electricity, and chemical action as forms of 
energy. Mechanical work. 

Second year, — Physiography. Heat and temperature. Discrimina- 
tion between heat and temperature. Effects of heat. The measuremeiiu 
of temperature by thermometers. Change of state caused by heat, as in 
ice, water, and steam. 

Radiation. — Rectilinear propagation of radiation. Reflection and 
refraction of radiation. The analysis of light by a prism, and its recom- 
position, The colour disc. The visible spectrum. 

Third year. — Physiography. — Chemical composition of matter. ]\Iix- 
tures and compounds. Water : its composition proved by analysis and 
synthesis ; its physical properties. Elementary properties of oxygen, 
nitrogen, hydrogen, carbon, iron, and mercury : and of water, carbon di- 
oxide, lime, silica, and the alkalis, common salt, iron oxide, and mercuric 
oxide. 

Terrestrial Magnetism, — Properties of the lodestone and artificial 
magnets. The earth a magnet. Primary laws of magnetic attraction 
and repulsion. Dip. The earth’s magnetic poles. 

Fourth year. — No scheme of study is provided; but at the Queen’s 
Scholarship examination, marks will be given for success in passing one 
of the Science subjects under the Science and Art Department. 


Isomeric Naphthalene Derlvatwes.— - Report of the Committee^ co^isisfin/f 
of Professor W. A. Tilden (Chairman') and Dr. H. E. ARM- 
STRONG (Secretary). 

During the past year further important evidence has been obtained hear 
ing on the constitution of the tri-derivatives of naphthalene confirmatory 
of the conclusions previously arrived at, and also affording proof that the 
interaction of phosphorus pentachloride and sulphonic chlorides is in all 
cases a trustworthy method of determining constitution by reference to 
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xjhloronaphthalenes (cf. Armstrong and Wynne, ‘Proc. Chem. Soc/ 1897, 
152). 

It has been found that the chloronaphthalene-disulphonic chlorides 
afford a relatively small amount of trichloronaphthalene, and that a con- 
siderable portion of the product is an intermediate compound — the di- 
chloronaphthalene-mono-sulphonic chloride. From the results obtained 
in the case of several a-/3-disulphonic acids, it appears that of the two, as 
was to be expected, the a-sulphonic group is the more readily displaced. 

A series of remarkable observations have been made of the occurrence 
■of isomeric change in the case of 1 : I'-dichloronaphthalene and its deri- 
vatives. 

The a-sulphonic acid of 1 : I'-dichloronaphthalene is hydrolysed at 
about 230'’, and gives only 1 : I'-dichloronaphthalene whatever be the 
hydrolytic agent used. The /3-sulphonic acid represented by the formula. 


Cl Cl 



however, which cannot be hydrolysed below 285°, gives one or other of no 
fewer than three isomeric dichloronaphthalenes — the 1 : 1', 1 : 2', or 1 : 4' 
modifications — according to the agent used. 

When hydrolysed at 290° by means of a solution containing 1 per cent, 
of sulphuric acid or one containing about 50 per cent, of phosphoric acid, 
it behaves normally, yielding 1 : I'-dichloronaphthalene. But if stronger 
solutions of either acid be used, much of the salt is carbonised, and in this 
case a small amount of 1 : I'-dichloronaphthalene is obtained as the sole 
volatile product. When concentrated muriatic acid is used as the hydro- 
lytic agent, as much as 20 per cent, of the theoretical amount of the 1 : 4'- 
compound is formed. 

Lastly, if the potassium salt be mixed with sulphuric and phosphoric 
acids, and superheated steam be passed through the mixture, 1 : 2'-di- 
chloronaphthalene is the sole product of hydrolysis. In this last case it 
is not improbable that further sulphonation precedes hydrolysis, and that 
this lias the effect of preventing the transference of chlorine to the para- 
position, so that file 1 : 2' is formed instead of the 1 : 4' modification ; 
thus : 


Cl Cl Cl Cl Cl Cl 



The trichloronaphthalenes derived from 1 : I'-dichloronaphthalene are 
also, it appears, susceptible of ‘ isomeric/ change. 

Considerable attention has been paid during the year to the study of 
the derivatives of o-methoxy- and a-ethoxy-naphthalene in comparison 
with those of a-naphthol. It appears to be a much less ‘ active ' compound 



294 


BEPORT — 1897i 


than the latter, for example, readily yielding a monobromo-derivative,. 
whereas it is almost impossible to prevent tlie exclusive formation of 
dibromonaphthol from «-naphthol. 

A series of sulphonic acids have been prepared from a-ethoxynaphfha- 
lene and its bromo- derivatives. 


y/ie Carbohydrates of the Cereal Straivs. — Report of the Committee^ 
coTisisting of Professor R. Warington (Chairman)^ C, F. Cross 
(Secretary), and Manning Prentice. (Drawn up by tlie Secre- 
tary.) 


The work upon the barley crop of 1896, which was reported in outline to 
the Chemical Section in a paper read by Mr. Cross, has been more fully 
dealt with in a paper read subsecpiently, and published in the ‘ J ournal of 
the Chemical Society,’ 1896, pp. 804-818. The subject was also dealt with 
from the more special point of view of the relation of the furfuroid con- 
stituents of these straws to the important problems of animal digestion and 
alcoholic fermentation in a paper published in the ‘Journal of the Fed. 
Inst, of Brewing,’ 1897, Pt. 1. 

The investigations have been continued without interruption. We* 
have further and more closely studied the products of acid hydrolysis of 
the cereal straws and of the celluloses isolated from them, and the main 
results of these researches are embodied in a paper read at the Meeting of 
the Chemical Society, London, on June 17. 

Generally the results of the preceding paper (loc. cit.) are amplified 
and confirmed. As it had been previously shown that the furfural-yield- 
ing constituents of fodder plants are in large measure hydrolysed and 
assimilated by the animal organism, so the evidence is accumulating that 
certain of these compounds when fully hydrolysed (to monoses) by artificial 
processes are susceptible of alcoholic fermentation. 

It having been finally established that the pentoses themselves aro 
entirely resistant to the attack of the yeast cell, it follows that we are 
dealing with a class of furfural-yielding carbohydrates, 7iot pentoses. 

At the same time the reactions of these compounds clearly indicates 
that they are pentose-derivatives, and most probably methylene ethers of 


the C 5 sugars of the general formula C 5 lIyO;, 


/°\ 


It is difficult to devise reactions of decomposition or synthesis by which 
such a constitutional formula could be finally verified. The literature of 


the analogous compound diperonal 




Clio, but with an 


aromatic in place of a pentose residue, may be cited in evidence of tho 
exceptional difficulty of the problem presented. 

The authors are glad to report that through the kindness of friends 
they have now access to a vessel enabling them to operate upon a large 
weight (7 kilos.) of the raw materials. 

Working upon this extondtid scale, and upon the basis of the results 
established by long investigation and previously reported to the Associa- 
tion, wo may confidently expect more positive and, we hope, final results. 
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The EJedrolijtw Methods of Quantitative Analysis.— Fourth Report of the 
Committee, consisting of Professor J. EMERSON REYNOLDS (^Chair- 
man), Dr. C. A. Koiin (Secretary), Professor P. Frankland, Pro- 
fessor F. Clowes, Dr. Hugh Marshall, Mr. A. E. Fletcher, 
and Professor W. Carleton Williams. 

Since the last report, which included an examination of the electrolytic 
methods for the determination of bismuth, antimony, and tin, and for the 
separation of the two latter, the experimental work of the Committee has 
been continued. The investigations on the determination of cobalt, nickel, 
and zinc are practically finished ; also further work on the determination 
of bismuth and its separation from other metals ; but the Committee prefer 
to delay the publication of these results until the next report in order to. 
make them as complete as possible. 

The Committee ask for reappointment, with a grant of 10^, 


The Rroduction of Haloids from Pure Materials. — Report of the 
Committee, consisting of Professor IT. E. Armstrong, Professor 
W. R. Dunstan, Mr. C, H. Bothamley, Mr. J. T. Cundall, and 
Mr. W. A. Shenstonr (Secretary), appointed to investigate the 

Production of Haloids from lligldy -purified Materials. 

The investigation undertaken by this Committee, as has been previously 
reported, has been greatly delayed by the difficulty experienced in their 
attempts to obtain a supply of chlorine satisfactory, both as regards origin 
and quality, for the work to be done. 

During the past year, however, the Secretary has succeeded in pre- 
paring (by the electrolysis of silver chloride) a suitable supply of the 
element in question. 

A full account of the method of obtaining chlorine from this 
source, and of the experiments that have been made with it, has already 
been published in the ‘Journal of the Chemical Society of London.’^ 
It is therefore only necessary to state that novel and stringent means 
were taken to secure the dryness of all the materials employed in the 
various experiments, and that advantage has been taken of the oppor- 
tunity which has arisen to examine once more the behaviour of chlorine 
in sunlight, and also its behaviour under the influence of the silent 
discharge of electricity. 

The following is a summary of the chief results obtained ; — 

1. The introduction of a new source of highly-purified chlorine. 

2. The observation that highly -purified chlorine, after it had been 
dried by new and very stringent methods, still interacted rapidly and 
completely with specimens of highly -purified and carefully dried mercury 
made by several difierent methods. 

3. That highly -purified and carefully dried bromine reacts readily 
and completely with purified mercury. 

‘ ‘Observations on the Properties of some Highly -purified Substances,’ Trans. 
Chem. See., 1897, by W. A. Shenstone. 
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4. That iodine purified by the * Stas Method/ and carefully dried, 
reacts readily and completely with purified mercury. 

It may be pointed out that these particular elements were selected 
for examination because they are among those whose interactions have 
not hitherto been found to be influenced by the presence or absence of 
traces of water- vapour among the acting substances ; and because it was 
thought that we are now at a stage at which it is more important to 
re-examine actions belonging to this class, than to seek for fresh instances 
of substances which cease to interact when highly dried. 

5. That highly-purified chlorine does not, like oxygen, undergo conden- 
sation when submitted to silent discharge of electricity. 

6. That highly-purified chlorine is very little affected by exposure to 
direct sunlight, but that it becomes more sensitive if rendered impure by 
the adding of traces of moist air. 

7. It has been noticed incidentally that lead glass may be heated to 
its softening point in well-dried chlorine, without showing any signs that 
it has been attacked, although in the damp state this kind of glass is 
readily attacked by chlorine. 

8. A new form of vacuum trap is described in the paper referred to. 

It is recommended that the Committee be not reappointed, as no 
further pecuniary assistance is likely to be needed, and the work can now 
be carried on by those who are engaged upon it without further corporate 
action. 


TAfe Zones in the British Garhonifero'ns JiocJcs, — Be])ort of the Gem- 
mittee, consisting of Mr. J. E. Mark (Ghairman), Mr. E. J. 
Garwood (Secretarg), and Mr. F. A. Bather, Mr. G. C. Crick, 
Mr. A. H. Foord, Mr. H. Fox, Dr. Wiieelton Hind, Dr. G. J. 
IIiNDE, Mr. P. F. Kendall, Mr, J. W. Kikklky, Mr. 11. Kidston, 
Mr. G. W. LaMplugh, Professor G. A. Leboiir, Mr. G. H. 
Morton, Professor H. A. Nicholson, Mr. B. N. Peach, Mr. 
A. Strahan, Dr. II. Woodward, and Dr. Traquair, appointed 
to stiidg the Life Zones in the British Garhoniferous Rocks. (Brairn 
vp by Mr. Garwood.) 

In consequence of the early date on which it is necessary to submit 
reports, little work has been done this year up to the present time, bub it 
is hoped that during the summer months progress may be made with the 
work of the Committee, and collections may be obtained from localities of 
special importance. 

At present a collector is engaged upon the fauna of the Millstone 
Grit at Eccup, five miles north of Leeds, where a fossiliferous black shell 
has been met with during the excavation of a puddle- trench for a reser- 
voir. The bed occurs about the centre of the ‘Middle Grits’ of the 
Yorkshire Millstone Grits. 

The bed, which was discovered by Mr. Percy Kendall, some three 
years ago, contains a rich Marine fauna, which has not yet, however, been 
properly worked out. The fauna inclu(ies species of Nucula end Leda in 
great abundance and in excellent preservation, also numerous individual 
specimens of Lingula and Discina. Gasteropoda occur, and a few speci- 
mens of Goniatites, together with well-preserved specimens of Conularia. 
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Several specimens of Dithyrocaris have been found, and a single speci- 
men of a minute Trilobite, cf. Brachymeto 2 ms Ouralicus. Fish remains 
referable to two genera have been identified. 

The fauna appears to bear little resemblance to that of the Cayton 
Gill beds of Nidderdale, which lie at approximately the same horizon in 
the Millstone Grit. 

On the whole, the fauna appears to resemble in many points that of 
the Ridsdale Ironstone shell of the Bernician beds of South Northumber- 
land. 

The Committee hope that the information obtained from this deposit 
will be of value, in consideration of the comparative neglect with which 
the fauna of the Millstone Grit has hitherto been treated. 

Owing to the temporary nature of the exposure the Committee con- 
sidered it advisable to expend a considerable portion of the grant in 
obtaining the services of a competent collector, who has spent a fortnight 
in making as exhaustive a collection as possible from the locality, undo 
the superintendence of Mr. Percy Kendall. The accounts have not yet 
however, come in, and the Committee cannot therefore at present draw 
upon the grant generously placed at their disposal by the Association, but 
ask that the sum granted may be carried over to next year. They also 
ask that a similar sum may be granted for that year. 

The Secretary has been in correspondence with the various members of 
the Committee as to the best methods of forwarding the objects of the 
Committee. From many of these he has received valuable suggestions, 
and it is hoped that reports will be furnished at an early date from each 
of the members for special districts, giving detailed sections of the rocks 
in their individual areas, and stating what reliable information has 
already been collected regarding their fossil contents, and what yet 
remains to be done in this connection. 


Slructure of a Coral Reef. — Report of the Committee^ consisting of 
Professor T. G. Bonney (Chairman)^ Professor W. d. Sollas 
(Secretarif)^ Sir Archibald Geikie, Professors J. W. Judd, 
C. Lapwokth, a. C. Haddon, Boyd Dawkins, G. H. Darwin, 
S. J. Hickson, aiid A. Stewart, Admiral W. J. L. Wharton, 
Drs. II. IIki^s, j. Murray, W. T. Blanfokd, C. Le Neve Poster, 
and H. B. Guppy, Messrs. F. Daiomn, H. 0. Forbes, G. C. 
Bourne, A. R. Binnie, J. W. Gregory, W. W. Watts, and 
J. C. Hawkshaw, and Hon. P. Fawcett, appointed to consider a 
project for investigating a Coral Reef Inj Boring and Sounding. 

As the expenses of the expedition were covered by the grants from funds 
administered by the Royal Society, the sum of 40^., granted by the 
Association at Liverpool, has not been drawn. But another expedition 
has been already sent out from Sydney under the auspices of Professors 
Anderson Stuart and Edgev/orth David and others, with machinery to 
overcome the dilbculties which were fatal to the first attempt, and the 
Committee ask that they may be reappointed, and that the grant made 
last year, and not drawn, be renewed as a contribution to the expenses of 
the new undertaking. 
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Thotograflis of Geological interest in the United Kingdom. — JEighth 
Report of the Committee, consisting of Professor James Geikib 
{Chairman), Professor T. G. Bonney, Dr. Tempest Anderson, 
Mr. J. E. Bedp’ORD, Mr. E. J. Garwood, Mr. J. G. Goodchild, 
Mr. William Gray, Mr. Eobert Kidston, Mr. A. S. Eeid, 
Mr. J. J. H. Teall, Mr. R. H. Tiddeman, Mr. H. B. Wood- 
ward Mr. E. WooLNOuciH, ami Professor W. W. Watts (Secre- 
tary). (Drawn up by the Secretary.) 

The Committee have the honour to report that during the past year 364 new 
photographs liave been received, bringing the total number in the collection 
up to 1,751. The early date of this year’s meeting has made it necessary 
to close the lists earlier than usual, but in spite of this the number of new 
photographs considerably exceeds the number received in any previous 
year, although there have only been nine months to collect in, and the 
harvest of some of the best months will not be reaped till next year. 

Adding to this large number 219 prints and 81 slides given to the 
loan collection, the increment is more than double that of any former 
year. As well as this, 27 prints have been sent to renew old ones, lost, 
faded, or withdrawn. The total number thus reaches 691. Fifty-three 
photographs and several duplicates have been received since this Report 
was sent in, and will be acknowledged next year. 

From the detailed list it will be seen that eight new counties are now 
partially represented, and progress has been made in eleven others, 
hitherto poorly represented. Amongst the more notable donations may 
be mentioned a large series of views in Wealden strata by Dr. Abbott,, 
some very beautiful Nottingham photographs by Messrs. Burton, of 
Leicester, a very instructive series from North Staffordshire by Mr. 
Armstrong, a set from the Sgurr of Eigg by Dr. R. D. Roberts, a series 
of Yorkshire caves by Mr. Cuttriss, sets from County Dublin, Yorkshire, 
and the Isle of Man by Mr. Reynolds, and several interesting pictures, 
from North Devon and the Isle of Wight by Mr. F. Mason Good. 
Professor Allen contributes a good series of Charnwood and Nottingham 
views, Mr. Bingley sets from the Yorkshire Dales and North Wales, 
Mr. St. J. Phillips a most useful group from North Ireland, and 
Mr. Whitaker several valuable prints. Last, but not least, the Com- 
mittee wish to give especial mention to the munificent gift by Mr. R. 
Welch, of Belfast, of 100 new platinotypes, which are not only perfect in 
the technical skill and the process employed, but artistic and pictorial as 
well, while, from a strictly geological point of view, they are so good that 
not one could be spared from the collection. In addition to this he has given 
50 prints in previous years, and 25 duplicate prints and 7 slides this year. 

For other valuable new additions to the collection, the Committee 
have the pleasure of expressing their gratitude to those donors, too 
numerous to mention here, whose names are given in list 1. 

The usual summary follows. It is carefully corrected by reference to 
the actual contents of the collection so as to show its exact state, and it 
will be useful in indicating the places in which it is advisable to start new 
work. A glance will show that there are many areas of great geological 
interest in England, as well as in Scotland and Ireland, of which we havo 
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at present no photographic survey. The Committee desire especially to 
draw attention to the following districts ; — Areas of large and typical 
physical features, such as the Pennine and Pendle Ranges, the South Wales 
coalfield and its borders, the district of the Arans, Arenigs, and Cader 
Idris, the Harlech Mountains, the Yorkshire Dales, the Cotteswolds and 
South Downs, the Malverns, and the Silurian ground of the Welsh border ; 
the Yorkshire Moors, Lincolnshire, the area of the Northampton Oolites, 
the Oxford district, Seaton and Blackdown, Central Wales, and Anglesey : 

In Scotland, the North-west and Central Highlands, the Outer 
Hebrides, Mull, the Sidlaws and Ochil Hills, and the Southern Uplands : 

In Ireland, the Carlingford and She ve Gallion areas, Kerry Cork, the 
Limerick Basin, Waterford, and Wicklow. 


England— 

Bedford 

Berks 

Bucking] lam 

Cambridge . 

Chesline 

Cornwall 

Cumberland 

Derby 

Devon 

Dorset 

Durham 

Essex 

Gloucester . 

Hants 

Hereford 

Hertford 

Huntingdon 

Kent 

I>anca&hire . 

Leicester 

Lincoln 

Middlesex . 

Monmouth . 

Norfolk 

Northampton 

Northumbeiland . 

Nottingham 

Oxford 

Rutland 

Hhropshire , 

(Somerset 

(Stafford 

Suffolk 

Surrey 

Sussex 

Warwick 

Westmoreland . 

Wiltshire 

Worcester . 

Yorkshire . 

Total . 


Pre- 

New 


vious 

collec- 

addi- 

tions 

Total 

tion 

(1897) 



i 

1 __ 

8 

4i 

4 

48 

:b> 

— 

3b 

4 

2 

(> 

25 

2 

27 

72 

17 

89 

8U 

12 

51 

28 

— 

23 

1 

— 

1 

2 

4 

1 ^ 

b 

18 

19 

7 

— 

7 

39 

19 

58 

39 

2 

•11 

81 

7 

91 

__ 

1 

1 

8 

1 

8 

O 

1 

8 

7 

10 

24 

8 

27 

2 

10 

12 

1 

— 

1 

25 

1 

2b 

29 

10 

39 

12 

14 

2b 

1 

1 

! 

8 

9 

17 

— 

8 

8 

7 

4 

11 

9 

1 

10 

1 

— 

1 

2 

— 

2 

288 

88 

321 

840 

187 

1027 


Duplicates 


Prints 

Slides 

'Fotal 

1 1 1 

3 

11 

1 

2 

8 

1 



1 

2 

4 

I 

3 

3 

b 

1 

— 

1 



— 

— 

1 


1 

-- ! 


1 



9 



9 

5 


10 

10 

9 

19 

1 


1 

5 

— 

5 

1 

- 

1 

5 

3> 

8 

5 

3 

8 

6 

1 

G 

2 

1 

3 

1 


1 

1 

— 

1 

41 

17 

67 

109 

51 

159 
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Pre- 

vious 

New 

addi- 

tions 

(1897) 

Total 


Duplicates 


collec- 

tion 

Prints 

Slides 

Total 

Wales — 

Anglesey . 

_ 







— 

— 

Brecknock . 

— 

— 

— 

— 

■ ■ 

— 

Cardigan 

— 

— 

— 

— 

— 

— 

Carmarthen 

— 

— 

— 

— 

— 

— 

Carnarvon . 

52 

10 

62 

13 

10 

23 

Denbigh ' . 

13 

— 

13 

1 

— 

1 

Flint 

5 

— 

6 

— 

— 

— 

Glamorgan . 

9 

3 

12 

2 

— 

2 

Merioneth . 

14 

5 

19 

2 

— 

2 

Montgomery 

8 

1 

9 

6 

— 

6 

Pembroke . 

— 

1 

1 

— 

— 

— 

Badnor 

— 

1 

1 

— 

— 

— 

Total . 

101 

21 

122 

24 

10 

34 

Channel Islands. 

11 

3 

14 

— 

— 

— 

Isle op Man. 

21 

9 

30 

2 

1 

3 

Scotland— 

Aberdeen . 

2 


2 



_ 

Arran .... 

1 

— 

1 

— 

— 

— 

Argyll .... 

18 

8 

26 

1 

— 

1 

Ayr .... 

1 

— 

1 

1 

— 

1 

Banff .... 

— 

1 

1 

— 

— 

— 

Berwick 



— 

— 

— 

— 

— 

Caithness . 

4 

— 

4 

2 

— 

2 

Cromarty . 

— 

— 

— 

— 

— 

— 

Dumbarton . 

— 

— 

— 

— 

— 

— 

Dumfries . 

— 

— 

— 

— 

— 

— 

Edinburgh . 

40 

• — 

40 

10 

— 

10 

Elgin .... 

8 

1 

9 

7 

2 

9 

Fife .... 

7 

— 

7 

6 

1 

7 

Forfar. 

7 

— 

7 

' 

— 

— 

Haddington 

4 

— 

4 

1 

— 

1 

Inverness . 

20 

4 

24 

j — 

— 

— 

Kirkcudbright . 

8 

— 

i 

1 

— 

— 

Kincardine . 

— 

— 


! — — 

— 

— 

Lanark 

1 4 

— 

4 i 

3 

2 

6 

Linlithgow . 

— 

— 

1 

— 

— 

— 

Nairn .... 

— 

— 

1 

— 

— 

— 

Orkney 

1 

— 

1 

— 

— 

— 

Peebles 

— 

— 

— 

— 

— 

— 

Perth .... 

14 

1 

15 

3 

— 

3 

Renfrew 

1 

— 

1 

— 

— 

— 

Ross .... 

— 

— 

— 

— 

— 

— 

Roxburgh . 

— 

— 

— 

— 

— 

— 

Selkirk 

— 

— 

— 

— 

— 

— 

Shetland 

— 

— 

— 

— 

— 

— 

Stirling 

13 

— 

13 

2 

— 

2 

Sutherland . 

3 

— 

3 

2 

— 

2 

Wigtown . 

— 

— 

— 

— 

— 

— 

Total . 

151 

15 

106 

38 

5 

43 

Ireland— 

Antrim 

130 

34 

164 

18 

7 

25 

1 Armagh 

2 


2 

— 

— 

— 
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Pre- 

vious 

collec- 

tion 

New 

addi- 

tions 

(1807) 

Total 


Duplicates 


Prints 

Slides 

ToUl 

Ireland {continued ) — 
Cavan .... 


1 

1 




Clare .... 

5 

3 

8 

— 

— 

— 

Cork .... 

1 

— 

1 

— 

— 

— 

Donegal 

14 

21 

.35 

2 

— 

2 

Down .... 

41 

14 

55 

11 

4 

15 

Dublin 

12 

9 

21 

2 

1 

3 

Fermanagh . 

2 

1 

3 

1 

— 

1 

Galway 

1 

22 

23 

3 

— 

3 

Kerry .... 

— 

— 

— 

— 

— 

— 

Kildare 

— 

— 

— ■ 

— 

— 

— 

Kilkenny . 

— 

— 

— 

— 

— 

— 

King’s Co. . 

— 

— 

— 

— 

— 

— 

Leitrim 

— 

— 

— 

— 

-- 

— 

Limerick 

1 

— 

1 

— 

— 

- - 

Londonderry 

18 

6 

19 

1 

— 

1 

Longford . 

— 

— 

— 

— - 

— 

— 

Louth .... 

1 

— 

1 

— 

— 

— 

Mayo .... 

— 

6 

0 

1 

— 

1 

Meath .... 

— 

— ■ 

— 

— 

— 

- - 

Monaghan . 

— 

— 

— 

— 

— 

— - 

Queen’s Co. 

— 

— 

— 

— 

— 

— 

Roscommon 

— 

— 

— 

[! — 

— 

— 

Sligo .... 

1 

2 

a 1 

i 

— 

— 

Tipperary . 


[ 



— 

— 

Tyrone 



— \ 

, — 

— 

— 

Waterford . 

1 

— 

— i 

' — 

— 

-- 

Westmeath . 

— 

! — 


-- 

— 

— 

Wexford 

1 — 

— 


— 

— 


Wicklow 

— 

— 


— 


— 

Total . 

! OOQ 

1 ““ 

119 

j 342 

i 

12 

51 

i 

1 

— 




Rock-structures, Ac. . 

j 40 

10 

j 50 

li G 

2 

8 

England 

S40 

187 

1027 

109 

51 

IGO 

Wales .... 

101 

21 

122 

1 24 

10 

34 

Channel Islands 

11 

3 

14 

1 — 



— 

Isle of Man 

21 

9 

30 

2 

1 

3 

Scotland 

151 

15 

IGG 

38 

6 

44 

Ireland 

223 

119 

342 

39 

12 

51 

Rock Structures 

40 

10 

60 

6 

2 

H 

1 Total . 

1387 

3G4 

1751 

218 

81 

290 


A special effort has been made this year to reach persons and districts 
not hitherto reached, and a large number of circulars has been despatched 
to geologists and photographers and to Societies established by both these 
classes of persons. It is difficult to get those who are not geologists to* 
take any interest in the subject, and almost impossible to persuade them 
to photograph objects solely for their geological value. Many of the 
photographs taken by those who are not geologists are, however, so im- 
portant that it would be well if they would submit their albums to the 
Committee, so that the latter might select such prints as are of permanent 
geological interest. The collection now contains photographs of what 
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may be called the more sensational geological phenomena. What is now 
rather more required is the steady surveying of ordinary, and especially 
temporary, features and phenomena. Picked points on retreating and 
advancing shore lines should be photographed at regular intervals ; 
sections in variable deposits should be taken as the excavation of them 
proceeds, and out-of-the-way districts sliould also be registered, even if 
they only yield ordinary phenomena. Important as it is that fossils 
should be accurately and faithfully figured, it is equally essential that 
phenomena in the field should be figured in a way that is not only 
accurate, but includes, without accentuation, the interpretation of the in- 
vestigator, while it registers facts which may have escaped his observation. 

In order to glean copies of the original photographs used as the bases 
for illustrations in papers and books, a circular has been furnished to 
Editors of Geological publications, and by the kindness of the Societies 
and their Editors these have been sent out to the contributors of papers 
so illustrated. The plates and other illustrations published are, when 
possible, mounted by the side of the original photographs, and yearly lists 
are published in the Report (list b). The Committee are indebted to the 
Editors of the publications of the Geological Societies and Associations of 
London, Liverpool, Edinburgh, Glasgow, Cornwall, Yorkshire, Dublin, and 
Belfast, and to the Editor of the ‘ (reological Magazine ’ for help in this 
-connection. 

Friendly notices of the work of the Committee have been published in 
'‘Nature,’ ‘Science Gossij),’ several photographic journals, the ‘Standard,’ 
the ‘ Irish Naturalist,’ the ‘ Transactions of the Woolhope Club,’ and 
elsewhere ; while an illustrated paper on the subject was published in the 
‘Practical Photographer’ for April 1897 ; and another, illustrated by 
reproductions of photographs kindly lent for the purpose by Miss Andrews, 
Mr. Bingley, and Mr. Garwood, was published by the Secretary in the 
first three numbers of the ‘Geological Magazine’ for 1897. A short 
paper on the subject was also read by the Secretary to the South-Eastern 
Union of Natural History Societies in 1896. Prizes have been offered by 
the publishers of the ‘ Practical Photographer ’ for wSpecimen local surveys, 
including the geological phenomena of a particular district. Albums 
containing recent additions to the Collection have been exhibited at the 
Royal Institution, the Geological Society, and the Geologists’ Association. 

The results of these efforts have been gratifying in several directions. 
Photographic surveys have been started in Bolton and Devon ; each 
of these includes geological work. The following Clubs and Societies have 
definitely undertaken to photograph in their own districts — The North 
Staffordshire Naturalists’ Field Club, the University of Durham Philo- 
sophical Society, the Woolhope Field Club, the Dublin Field Club, and the 
Burton Natural History Society. From these sources valuable results 
have already accrued, and further work may be confidently looked forward 
to next year. 

Much labour has been expended in getting the collection into thorough 
order, and it is hoped that the greater part of this work is now satis- 
factorily accomplished. All mounted photographs, to the number of, 
about 1,700, are accessible for reference in the Library of the Museum of 
Practical Geology at 28 Jermyn Street, 8.W., where they can be inspected 
on application to the Librarian. They are classified geographically and 
grouped according to countries and counties in twenty-three albums, 
so arranged that their contents can be expanded as new photographs are 
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received. In addition to the mounting of most of the photographs 
received during the last three years it has been necessary to unmount and 
remount on standard, interchangeable, guarded mounts over 500 of the 
older photographs. Considering the risk involved in this work, but little 
real damage has been done to the prints, and the majority have come 
through the ordeal unscathed, while jiot one has been irretrievably 
damaged. Many of the descriptive forms have been rewritten and 
expanded, and a large number which had been lost or never sent in have 
been widtten up. The localities of all but two of the photographs in 
the collection have been accurately ascertained, though there was in some 
cases no written clue to them. Many photographs have been critically 
examined, and additional points of interest in them have been discovered 
and explained on the mounts or forms. The Committee express their thanks 
to Mr. Strahan, Mr. Lamplugh, Mr. Gibson, Mr. Leighton, Mr. Nichols, 
Mr. Watson, Mr. Welch, Mr. Whitaker, Mr. Shipman, Mr. De Ranee, 
Mr. Woodward, Mr. Goodchild, Mr. Brook, Mr. Hunt, and several others 
for services in this direction. References to published descriptions and 
plates are being filled up wherever possible. In many cases it has been dis- 
covered that the photograplis are beginning to possess a special interest 
from the change or disappearance of the objects photographed. Thus the 
pump at Marino, Co. Down, has been washed away, and there are photo- 
graphs of Shakespeare Cliff before the landslip, to compare with those 
taken since, and a print of Eccles Tower, free from sand dunes, before it 
fell. On the other hand, the Carboniferous Forest shown in Photographs 
33, 34, 35, and 939 has now been carefully protected by a building. The 
beautiful section (972) showing a chalk cliff and screes buried under 
Tertiary Basalt has been quarried away. 

Concurrently with the rearrangement a card catalogue of the whole 
collection has been made, and this is so arranged as to mininjise the future 
labour of registering new photographs, while at the same time it secures a 
ready means of recording localities and particulars with accuracy. The 
cards are used for acknowledgment to donors, who can thus correct 
the particulars to be finally entered in the published lists. A county list 
and an abbreviated numerical list have also ])een written, and for the first 
time it has been possible to check the whole contents of the collection. 
This has shown that, in spite of the difficulties of keeping a large set of 
unmounted and miscellaneously mounted prints, only 3 per cent, of those 
registered in the published list were not to be found, a result whicli 
reflects much credit on the care exercised by the former Secrehiry, 
Mr. Jeffs. Quite 1, and perhaps 2, per cent, of this apparent loss is due 
to clerical errors in entering contributions in the published lists before 
they had been actually received ; the other 1 per cent, seems to represent 
actual loss, but this is to some extent compensated by the finding of 
photographs which had not been registered in the printed lists. The 
good nature of the majority of the donors of the best photographs has 
enabled the Committee to make good almost all photographs of real 
geological value, and at the present time not more than sixteen of the 
photographs registered in the published lists are absent from the collec- 
tion, The numbers of the prints which cannot be found or replaced have 
been applied to new photographs received within the year, and thus the 
numbering represents with fair accuracy the actual state of the whole 
collection ; numbers below 1,400 in the list (No. 1) are those which have 
been thus transferred, and any photographs which may be attached to 
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such numbers in previous lists must now be finally cancelled, as the 
Secretary has failed to recover them, or else they have never actually 
been in the collection. With some of these numbers it will be noticed 
that no photograph has ever been associated. 

The Committee desire to express their warmest thanks to those donors 
who have so kindly enabled them to bring the collection into a perfect 
state up to date. The following names should be mentioned with thanks : 
Mr. Stewart, Mr. Defieux, Mr. Bingley, Miss Andrews, Dr. Stolterfoth, 
Mr. Brook, and Mr. Welch. 

List No. 2 comprises lost photographs which have been renewed, and 
List No. 3 is necessitated by the slight confusion which has occurred in 
connection with the supply of missing photographs and the filling of gaps. 
Here, again, many of the original donors have given help ; their names 
are mentioned with thanks in this list. 

Certain Scientific Societies have been in the habit of issuing specially 
taken photographs to their members, and several of them have sent sets 
to the Committee in past time. An effort has been made to make these 
sets more perfect, and the Societies in question have given ready help. 
The Yorkshire Geological and Polytechnic Society and the Liverpool 
Geological Society, for example, have ov’erhauled the list and promised to 
contribute such of their prints as are still to be got to complete our set. 

The Secretary will be very pleased to receive help from geologists in 
annexing fuller and more accurate descriptions of the geological features 
to the photographs, in order that they may become of the utmost use as a 
work of reference. He will also welcome corrections and additional 
information from those who inspect the collection. Several persons 
anxious to obtain examples to illustrate both geological and geographical 
phenomena have visited the collection, and to more than one it has been 
found of much use for the purpose ; as it becomes larger and more repre- 
sentative it must become increasingly important and useful in this respect. 
The Committee will welcome suggestions as to the best method by which 
eventually it may be possible to enable those interested in such things t(^ 
obtain reproductions or prints without imposing a strain on the time and 
good-nature of willing contributors. 

It has long been evident that, while it is essential that the main 
collection should be permanently lodged at a central place where it can be 
used for reference, it would be a great advantage if some portion of 
it could be allowed to circulate amongst geological and photographic 
Societies, in order that the kind of work necessary and its utility might 
be made obvious to those bodies and persons likely to take it in hand. 
For this purpose the best thing appeared to be the formation of a duplicate- 
loan collection selected from the best and most typical photographs in the 
main collection and arranged geologically. A few duplicates found in the 
collection have been set aside for this purpose, and an appeal has been 
made to contributors to give prints or slides of those photographs most 
suitable for the purpose. To this appeal there has been a most liberal 
response, and a loan collection has been inaugurated. It now numbers 
219 prints and 81 slides, of which a separate classified list is annexed 
(No. 4). A description will be written to serve as an account of the 
slides or as labels for the prints, and the two parts of the loan collection 
will be ready for circulation amongst such Societies and Clubs as are pre- 
pared to pay the expenses of packing and carriage, and to make good any 
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damage. The Secretary will be glad to receive early application from 
Societies wishing to avail themselves of the offer of this loan, that arrange- 
ments may be made in good time. 

The photographs in this selected series are naturally of the kind which 
would be most useful to those who wish to obtain typical examples for 
teaching purposes or for exhibition in illustration of papers ; and there- 
fore, whenever it has been possible to arrange it, an address is given 
whence prints or slides may be purchased. But it must be distinctly 
understood that the Committee can undertake no responsibility or corre- 
spondence in this matter. All information possible will be circulated 
with the collection, and there the Committee’s work must end ; would-be 
purchasers must make their own arrangements with photographers, in 
whom exclusively the copyright remains vested. 

The Committee, in forming this collection, are much indebted to the 
donors whose names are mentioned at the end of List 4, and particularly 
to Mr. Bingley (who has given 39 prints and 23 slides) Mr. Welch (25 and 
7), Mr. Goodchild (17), Mr. Nichols, Mr. Watson, Mr. Defieux, Mr. 
Armstrong, Miss M. K. Andrews, and Captain McDakin. 

The Secretary will be grateful if the donors of photographs will 
kindly look through the parts of the lists in which they are interested 
^ind notify to him any slips in the spelling of proper names, in the 
geographical or geological descriptions, or mistakes of any other kind 
which occur in the Report. 

The Committee recognise that their work is yet far from completion, 
and they therefore ask for their reappointment with a small grant to 
defray some of the expenses connected with the mounting, storing, and 
collection of photographs. 


EIGHTH LIST OF GEOLOGICAL PHOTOGRAPHS 
(to June 1897). 

Note. — This list contains the subjects of geological photographs 
copies of which have been received by the Secretary of the Committee 
since the publication of the last Report. Photographers are asked to 
aflix the registered numbers, as given below, to their negatives for coii- 
v(mience of future reference. Their own numbers, where given, are 
added, in the same order, to enable them to do so. 

Copies of photographs desired can, in most instances, be obtained 
from the )tographer direct, or from the officers of the Local Society 
under whose auspices the views were taken. 

The price at which copies may be obtained depends on the size of the 
print and on local circumstances, over which the Committee ha\e no 
control. 

The Committee find it necessary to reiterate the fact that they do not 
•assume the copyright of any photographs included in this list. Inquiries 
respecting photographs, and applications for permission to reproduce 
them, should not be addressed to the Committee, but to the photographers 
direct. 

The very best photographs lose half their utility, and all their value 
as documentary evidence, unless accurately described ; and the Secretary 
would be grateful if, wherever possible, such explanatory details as can 
1897. X 
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be given were written on the forms supplied for the purpose, and not on 
the hack of the photograph or elsewhere. Much labour and error of tran- 
scription would thereby be saved. A local number by which the print 
can be recognised should be written on the back of the photograph and on 
the top right-hand corner of the form. 

Copies of photographs should be sent unmounted to W. W. Watts, 
Mason College, Birmingham, and forms may be obtained from him. 

The size of photographs is indicated as follows : — 


L = Lantern size. 1 / 1 = Whole plate. 

1/4 = Quarter-plate. 10/8 = 1 0 inches by 8. 

1/2 = Half-plate. 12/10 = 12 inches by 10, &c. 

E signifies Enlargements. 

‘ indicates that photographs and slides may be purchased from the donors. 


LIST 1. 

ENGLAND. 


Cheshire. — Photographed hy C. A. Defieux, 50 Windsor Road^ Tug 
Brook ^ Liverpool. 1/2. 

Regcl. 

No. 

1560 (8) Hilbre Island. . . . Fault in Keuper yandstone. 1801 

1561 Hilbre Island, W. . . Fissure in Triassic Sandstone. 1890. 

1562 „ ,, . . . Trias Sandstone. 1890. 

1563 Hilbre Island. . . . False bedding in Trias Sandstone. 1890. 


Cumberland. — Photographed hy J. B. Bailey, 27 North Street^ Maryport. 

1 / 2 . 

811 Maryport, looking north, . . Peat, Raised Beach, and Glacial Drift 1890. 

812 „ „ south. . . „ „ 


Derbyshire. — Photograph' ed hy Mr. Frith. Presented hy 
W. W IIITA KER, F.B.S. 1 / 1 . 

1557 R. Wye, Cressbrook. . , . Carboniferous Limestone. 

Presented hy W. Whitaker, F.R.S. 10/8. 

1558 Blackwell Dale. .... Carboniferous Limestone. 


Devonshire. — Photographed hy A. K. Coomara-Swamy, Worplesdon, 

G uildford. 1 / 1 . (E) 

1445 (Dev. 1) Hotel Cliff, Ilfracombe. Synclinal fold in Devonian Rocks. 1890. 

1446 (Dev, 2) Wild Peas Beach, Combe Folding of Hangman Grit. 1896. 

Martin. 

1/4. 

1553 (Dev. 3) Croyde Bay. . . Upper Devonian Rocks covered by Raised 

Beach. 1890. 

1554 (Dev. 4) Near Barricane Beach, Quartz- vein in Morte Slates. 1890. 

Morte Bay. 

1555 (Dev. 6) Baggy Point. . , Baggy Beds, fossiliferous. 1 890. 

1556 (Dev. 6) Croyde Beach. , , Syncline in Pilton Beds. 1890. 
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rhotoqraphed hy F. Mason Good, Wmchfield. Hants. Presented by 
W. Whitaker. 11/9. 

Regd. 

No. 

1454 LvDinouth Devonian Rocks on beach 

1465 . . . . T own and Valley of K. Lynn. 

1456 East Lynn, Lynton . . River erosion. 

1467 „ 

Photograjdied hy A. H. Hunt, Southwoodj Torquay. 1/2. 

408 Kent’s Cavern. . . . Canine teeth of Wolf, Hya3na, and Ma- 

chairodus 


Photographed by H. L. P. Lowe, Shirenewfon Hall, Chei^stoiv. 1/2. 

1537 (C) Birch Tor, Dartmoor. . . Weathering of granite. 1894 

1538 (B) Believer Tor, Dartmoor. „ „ 1894 

1639 (D) „ „ „ „ ,. 1894. 

1540 (G) West Dart, near Believer River erosion in granite. 1894. 

Bridge. 1894. 

1541 (E) Lane’s Gully, Dartmoor. . ‘ Plifcnician Tin-working.’ 1894. 

1542 (F) „ „ 1891. 

Dorset. — Photographed hy Y . Good, Winch field, Hants. 12/10. 

409 Stair Cove and Lulworth Cove. Contorted Purbeck and Portland Beds 

with characteristic landscape. 

410 Stair Cove, Lulworth. . . Contorted Purbeck and Portland Bed.-?. 

Photographed hy H. W. Monckton, 10 King’s Batch Walh, Temple, E.C 


415 (591) f Tilly Whim ‘ C’avcs,* Portland Stone and Chert Bods 189G. 

-I Swanage. 

1416 (593)1 „ „ „ Old working in Portland Stone. 189G. 

1417 (592) Tilly Whim, Swanage. . The Chert Beds, Portlandian. 189G. 

1418 (585) Durlston Head. . . Base of Purbeck Beds resting on Portland 

Stone. 1896. 


Photographed hy A. K. Coomara-Swamy, Worplesdon, (hdldford. 

1447 (Dl) Blashcnwell, near Corfe Section in large tufa-pit. 1896. 1/1. (E ) 
Castle. 

1551 (D2) Brankbome Chine, Bourne- Bournemouth Beds capped with Drift, 

mouth. 1/4. 1896 

Photographed hy 0. J. Watson, Alton Cottage, Bottville Road, Acock’ s 
Green, Birmingham. l/2. 

1512 (1038) The Agglestone, Stud- Ferruginous Eocene Sandbtone. 1893. 

land. 


Photographed hy A. Straiian, 28 Jermyn Street, S.W. 1/ 4. 

1528 (38) East side of Lulworth Cove. Purbeck Rocks, ‘ Broken Beds ’ and Cypris 

liimestone. 1893. 

Photographed hy Prof. F. J. Allen, Mason College, Birmingham. 1/1. 
1613 (16) Cliffs west of Lyme Regis. Lower Lias shale and limestone. 

X 2 
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Photographed by R. Langton Cole, Loughrlgg, Cavendish Eoad, Sutton, 

Surrey. 1/4. 

Regd. 

No 

1643 (8) Oswald’s Bay, lAilwortli. . Series from Portland Beds to Chalk com- 
pressed into about half a mile. 1893. 


Gloucester. — Photographed by A. K. Coomara-Svvamy, Walden, 
Worplesdon, (Julldford. \ 14:. 


1547 (Gl) Garden Cliff, Westbury-on- 
Severn. 

1648 (G4) 1 Scar Hill, Nailsworth. . 

1649 (G2)[ 

1660 (G3) J „ „ 


Variegated Triassic Marls. 1897. 

Junction of Freestones and Ragstones, 
Inferior Oolite 1897. 

It M 

>> >> tt 


Hampshire, Isle of Wight. — Photographed by Y . Masox Good, 
Winchfield, Jfants. 1/1. 

411 Scratchells Bay. .... Chalk with Flints 

1468 


Photographed by A. K. Coomaka-Swamy, Walden, Worplesdon, Guildford. 

1/1. {E) 

1448 (I .W. 1) Between Colwell Chine Thrust-plane in How Ledge Limestone. 

and How Ledge 189G. 

1449 (I .W. 2) Foreshore, Yarmouth. , Fan-palm leaf in Bembridge Marls. 1890. 
1662 (f.W. 3) S. of Brightstone. . ‘ Variegated Sandstones ’ of Wealden ago. 

1/1. 1896. 


Photographed by S. H. Reynolds, University College, Bristol. 1/2. 

1593 (21) Scratchells Bay . . . Disturbed Upper Chalk with Flint bands. 

1890. 


Photographed by R. Langton Cole, Loughrlgg, Sutton, Surrey. 1 /4. 


1636 (1) Alum Bay. . 

1637 ( 2 ) „ „ . . . 

1638 (3) Freshwater Bay. . 

1639 (4) 

1640 ( 6 ) 

1641 (6) Watcombe Bay. . 

1642 (7) Headon Hill, Alum Bay. 


. Coloured Sands. 1893. 

. Cliffs and Needles. 1893. 

. Highly inclined Chalk. Crushed flints. 
1891. 

Arched Stack of Chalk. 1891. 

Chalk Cliffs along Strike of Bedding. 
1891. 

. Inclined Chalk; formation of Caves and 
Needles by Waves 1891. 

Oligoceiie Strata. 189.3 


Kent. — Photographed by Captain S. Gordon McDakin, 15 Esplanade, 

Dover. 

414^t (678) Shakespeare Cliff, Dover. Before the Great Fall in 1897 (taken in 

1895). 1/4. 

1635 (892) „ „ After the Great Fall in 1897 (taken 

February 5, 1897) 1/2. (F.) 


From the Collection of the late W. Topley, F.R.S. 

1473 Encombe Tennis Lawn, Folke- Fissure caused by Landslip of 1803. 1/2. 

stone. 

1474 East of Encombe Grounds, East end of Landslip Fissure. 1893. 1/2. 

Folkestone 

1476 Fissure caused by Landslip, 1893. 1/2. 
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Regd. 

No 

1476 UndercUff between Sandgate and Folkestone Beds slipped over Sandgate 

Folkestone. Beds. 1893. 1/2. 

1477 Nctir Folkestone. . . . Landslipped Ground. 1893. 1/2. 

1478 The Warren, Folkestone. . . „ „ „ 1/1. 

1479 

Photographed hy H. A. Allen, 28 Jermyn Street, S. W. 1/4. 

1494 Foreness Point, North Foreland Chalk showing Erosion ; Vertical Cliffs 

and Deep Bays without Talus. 1892. 

1495 Cliffs, N.E. of Margate. . . Vertical Chalk Cliffs. 1892. 

* Photographed Mr. D. Johnson, 10 GrecAan Road Tunbridge Wells, 
under the direction of Dr. G. Abbott, 2 Queen^s Road, Tunbridge 
Wells, and presented by the latter. 1/2. (EAj 

1514 (601) Grove Hill Road, Tunbridge Decoloration of (May Bed in Tunbridge 

Wells. Wells Sand. 189.5. 

1515 (602) Boyne Park, Tunbridge Dcjcoloration of Tunbridge Wells Sand. 

Wells. 1895. 

1516 (606) Rusthall Common, Tun- Worn Surface of Decolorised Tunbridge 

bridge Wells. Wells Sand. 1895. 

1517 (607) Road from Tunbridge Honeycombing of Tunbridge Wells Sand. 

Wells Common to the ‘ High 1895. 

Rocks.’ 

1518 (612) In Copse, near road from „ „ „ 

Tunbridge Wells Common to 
‘ High Rocks.’ 

1522 (623) Tunbridge Wells Common. Holes along Bedding Plane of Tunbridge 

Wells Sand. 1896. 

1526 (631) Boyne Park, Tunbridge Decolorised Sandstone. 1897. 

Wells. 

1527 (632) ,, „ Sandstone Decolorised beneath Soil. 1897. 

Lancashire. — Photographed by W. J. Harrison, 52 Claremont Road, 
Handsworth, Birmingham. 6?/ W. Whitaker. 1/2. 

1438 Beach at Grange. . . . Boulders of Tuff and Limestone. 1896. 

1439 Grange. ..... Glaciated Surface of Carboniferous Lime- 

stone. 1896. 

Leicestershire. — Photographed by T. B. Daniel, Kinchley Hill, Lough- 
borough. 1/4. 

1419 Brazil Wood, near Mount Sorrel . Dyke of Granite in Hornfels. 1896. 

Photographed hy Prof. F. G. Allen, Mason College, Birmingham. 1/2. 

1617 (20) Tin Meadow, near Peldar Agglomerate with large bombs. 1896. 

Tor, Charnwood Forest. 

1618 (21) Crag on drive to Charnwood CleavedAgglomeratc(pre- Cambrian). 1896. 

Ijodge. 

1619 ( 22 ) „ „ „ 

1620 (23) Beacon Hill. . . . Volcanic Ash and Hornstones. 1896. 

1621 (21) Grounds of Hanging Rocks, Banded and Cleaved Hornstones of Wood- 

Woodhouse Eaves, Charnwood. house Series. 1896. 

1622 (25) 

Lincolnshire. — Photographed by H. Preston, the Waterworks, Grantham. 

1/4. 

1413 ' Wilsford Cutting, G.N.R. An- Anticline in Lincolnshire Limestone. 1896. 
caster. 



310 HEPORT — 1897. 

Monmouthshire. — Photographed by H. L. P. Lowe, Shirenewton 

Chepstow. 1/2. 

Rejrd. 

No. 

1544 (N) Entrance to the Severn Icicles showing water-bearing stratum. 

Tunnel. 1895. 

1645 (0) Shirenewton. . . . Sink in Carboniferous Limestone. 1897. 

1646 (Q) . Fracture of Carboniferous Limestone near 

fault. 1897. 

Norfolk. — Photographed by W. J. Harrison, 52 Claremont Eoady Ilands- 
worthy Birmingham. Presented by W. Whitaker. 1/2. 

1437 Cromer Mr. Savin’s^ collection of elephant teeth. 

1896. 


Presented by Clement Reid, 28 Jermyn Street^ S. If., and Copied by 
W. W. Watts. 


1650 Church Tower at Eccles. 

1699 

1700 


. In 1886, when clear of sand-dunes. 1/2. 

] Copies of drawings in Lyell’s ‘ Principles,’ 
t showing condition of Tower in 1839 and 

J 1862. 1/1. 


Photographed by A. Strahan, 28 Jermyn Street^ S. W. 1 /4. 

1711 (35) Western chalk blull, Trim- Boulder clay thrust under contorted chalk. 

ingham. 1893. 

1712 (42) Cliff at Runton. . . . Contorted drift, with included chalk 

masses. 1893. 

1713 (43) Chff at Beeston. . . . ‘ Augen’ structure in contorted drift. 1893. 


Northumberland. — Photographed by E. J. Garwood, Dryden Chambers^ 
Oxford Street J W.C. 1 / 1 . 


1450 Swine Den, Cullernose Bay. . 

1451 Snableazes Quarry, Ratcheugh. 

1452 


Grit and shale caught- up and meta- 
morphosed by Whin Sill 1895. 

Whin on Four-fathom Ijimestone, and 
intruding on the shale above it. 1896. 


Nottinghamshire. — Presented by W. Whitaker. 1/2. 

413 Berry Hill, near Mansfield Wood- Lower Mottled Sandstone covered by 
house. Pebble Beds of Trias. 


* Photographed by Messrs. J. Burton <fe Sons, Leicester. 12/10. 

1488 The llimlack Stone. . . . Stack of Trias cemented by Sulphate 

of Barium. 1890. 

1489 . 

1490 Nottingham Castle Hill. . . Bunter Pebble Beds. 1882. 

1491 ., 

1492 Nottingham Church Cemetery. . Caverns in Bunter Pebble Beds. 1882. 

1493 ,, ,, ,, • ,, ,, ,, ,, 

Photographed by Prof. F. J. Allen, Mason College^ Birmingham. 1/2. 

1614 (17) Berry Hill, near Mansfield Lower Mottled Sandstone. 1893. 

Woodhouse. 

1615 (18) Cinder Hill Brickyard, 3 Permian Marls, red and green. 1893. 

miles W.N.W. of Nottingham. 

1616 (19) Giltbrook, N.W. of Kim- Faults in Coal-measures and in a seam oi 

berley. coal. 1893. 
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Shropshire. — Photographed hy A. A. Armstrong, Denstone College^ 
Staffs, 1/2. 

Regd. 

No. 

1420 (79) Ellesmere College, , . Boulder. 1896. 

Somerset. — Photographed hy A. A. Armstrong, Denstone College, 
Staffs, 1 /2. 

1421 12) Sedgemoor Battlefield and Escarpment of Rhmtic Beds and Lower 

Polden Hills. Lias. 1896. 

142 2 503) Cheddar Cliffs. . . . Carboniferous Limestone. 1896. 

1423 ( 505 ) „ „ . . . 

1424 (506) „ . 

Photographed by S. H. Reynolds, Unimrsitij College, Bristol. 1/2. 

1585 (13) Cheddar Goige. . . , Influence of dip in formation of cliffs; 

Carboniferous Limestone. 1894. 

1586 (14) „ „ . . . 

1587 (15) „ „ . . . 

1588 (16) Cheddar Screes of Carboniferous Limestone, 1894. 

Photographed hy Prof. F. J. Allen, Mason College, Birmingham, 1/1. 

1633 (15) Cheddar Pass. . . . Erosion of Carboniferous Limestone. 

1634 (14) Cheddar Pass, Pinnacle „ „ „ 

Rock. 

Staffordshire. — Photographed hy A. A. Armstrong, Denstone College, 

Staffs. 1/2. 

1425 (128) Dovcdalc, from Izaak Carboniferous Limestone scenery. 1896. 

Walton Hotel. 

1428 (279) Ludchurch, N. of the Chasm caused by landslip in Millstone 

Roaches, near Leek. Grit. 1896. 

1429 (280) 

1430 (360) The Roaches, near Leek. . Ksenrpment of Tliird Rock, IMillstone 

Grit. 1896. 

1431 (367) 

1432 (368) 

1433 (369) 

1434 (365) 

1436 (370) 

1610 (537) The Weaver Hills. . . Pockets in Carboniferous Limestone filled 

with sand, clay, and gravel. 1897. 

1611 (538) „ „ . . 

1612 (539) 

Photographed hy H. W. Milne, Barnet, 1/2. 

1426 (M. 11) R. Manifold, near Wetton. Swallow of River in Carboniferous Lime- 

stone. 1896. 

1427 (M. 13) Thor’s Cave „ „ Dry bed of River Manifold. 1896. 

Suffolk. — Photographed hyi5. T>. Hardy, 73 Clarence Boad, Clapton, N,E, 
Presented hy W. Whitaker. 1/4. 

1453 South end of Covehithe Cliff, Marine denudation of Newer Pliocene 
Southwold. strata ; overhanging soil very marked. 

Photographed hy A. E. Murray, St . Clare , Upper Walmer , 
Kent , 1/4. 

1459 Lane between Shottermill and Fault in Lower Greensand. 1896. 
Hindhead, Haslemere. 
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report--i1897. 


^Photograj)hed by D. Johnson, 10 Grecian Boad^ Tunbridge Welh^ under 
the direction o/Dr. G. Abbott, and 'presented by Iiwi. 1/2. (A) 

Begd. 

No. 

1619 (613) Sand Quarry, Oxted. . . Tubular ferruginous concretions in Folke- 

stone Beds. 1895. 

1620 (614) „ „ . . 

1621 (615) „ „ . . 

Photographed by W. W. Watts, 28 Jermyn Street, S. IT. 1/4. 

1631 (250) Leith Hill. . . . Lower Greensand escarpment. 1896. 

1632 (251) „ ... Lower Greensand landscape. 1896. 

1633 (252) „ ... Chert beds in Hythe Scries. 1896. 

1634 (254) Lane from Collickmoor Ironstone lumps in Hythe Series. 1896. 

Farm to Dorking. 

Photographed by R. Langton Cole, Loughrigg, Sutton, Surrey. 1/4. 

1644 (9) Leith Hill. . . . Escarpment of Hythe Beds, Lower Green- 

sand, 1891. 

Sussex. — Photographed by W. J. Lewis Abbott, Seale House, The Vine^, 

Sevenoaks. \ 12. 

1444 Hastings Kitchen Midden. 1895. 

Photographed by W. T. Flowers, under the direction of Dr. G. Abbott, 
2 Queen^s Road, Tunbridge Wells. 1/2. {E) 

1523 (624) Fridge Rocks, Tunbridge Honeycombingalong lines of false-bedding 

Wells. in Tunbridge Wells Sand. 1896. 

* Photographed by D. Johnson, 10 Grecian Road, Tunbridge Wells, under 
Dr. Abbott’s 1/2. {E) 

1524 (626) Cumberland Walk, Tun- Angular blocks of sandstone in bed of 

bridge Wells. clay. 1896. 

1626 (628) 

Photographed by A. R. Perry, 13 Wellington Place, Hastings. 
Presented by P. H. Palmer. 11/8. 

1646 WestQuarry, West Hill, Hastings, Jointing and bedding in Ashdown Sand. 

near the Castle. 

1647 

1648 

1649 

Warwick. — Photographed by W. J. Harrison, 52 Claremont Road^ 

11 andsworih, Birmingham. Presented by 1/2. 

1440 California, near Birmingham. . Boulder Clay. 1892. 

1441 

1442 Moseley „ „ . Glacial Sands, 40 feet. 

1443 Dosthill Cambrian Shales. 

Westmoreland.— by Godfrey Bing ley, Thorniehnrsf, 
Headingley, Leeds. Sent through the Yorkshire Naturalists'” 
Union. 1/2. 

1628 (3379) Sourmilk Gill, Easedale, Waterfall over Borrow dale Rocks. 1895-. 
Grasmere. 
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Yorkshire. — Photographed hy Mr. Allerston. Presented by 
G. W. Lamplugii, 28 Jermyn Street, S. W, 1/2. 

Regd. 

No. 

1460 Sewerby Cliff, near Bridlington Cliff of chalk, sca-beach, and land- wash,. 
Quay. all pre-Glacial. 

Photographed by F. N. Eaton, 1 Higher Lane, Aintree, Liverpool. 1/4. 

1480 E. Doe, Ingleton. . . . Near the Craven fault ; ancient rocks. 

1481 I) >j ... ,, ,, ,, ,, 


Photographed hy J. Hort Player, 16 Prince Arthur Road, 
Hampstead, N.W. 1/2. 

1535 Egton Bridge Cleveland Dyke ; two types of dolerite. 

1536 „ „ .... 

Photographed hy S. H. Reynolds, University College, Bristol. 1/2. 

1579 (7) Gordale Scar. . . . Ravine in Carboniferous Limestone. 1881). 

1580 (8) Malham Cove. . . . Cliff of Carboniferous Limestone. 1889. 

1581 (9) Moughton, near Settle. . Carboniferous Limestone resting uncon- 

formably on Coniston Grits. 1889. 

1582 (10) Pen-y-ghent, from Horton Hill of circumdenudation, Yoredale Beds- 

Station. and Millstone Grit. 1889. 


Photographed hy H. Percy, Doncaster. Sent through the Yorkshire 
Naturalists' Union. 1/2. 

1470 (1) Railway cutting, near Marr, Anticline in Magnesian liiraestone. 1897. 

W. of Doncaster. 

1471 ( 2 ) 

1472 (3) 


Photographed hy S. W. Cuttriss, 6 Fieldhead Terrace, Camp Road, Leeds^ 
Sent throiujh the Leeds Geological Association. 

1500 Alum Pot, Ribblesdale. . . Caves and widened joints in Carboniferous. 

Limestone ; Stalactites. 

1501 Entrance to Brow Gill Cave, ,, „ „ „ 

Ribblesdale. 

1502 Interior of Brow Gill Cave. . „ „ „ ,, 

1503 Hull Pot, Ribblesdale. , . „ „ ., ,, 

1504 Hunt Pot, „ . . . „ „ „ „ 

1505 Troller’s Cave (Hell Hole). 

Wharfedale. 

1506 Rowten’s Pot, Kingsdale. . . „ „ „ ,, 

1507 Goyden Pot, Nidd Valley. . . „ „ ,, „ 

1508 ,, . ,, ,, t, ,, 

1509 Gaping Gill, Ingleborough. . „ „ „ 

1510 „ • >> >» »» »> 

Photographed hy Godfrey Bingley, Thorniehurst, Headingley, Leeds. 
Sent through the Yorkshire Naturalists’ Union. 1/2. 

1568 (4076) Hardraw Scar, near Yoredale Rocks ; Waterfall. 1897. 

Hawes. 

1569 (4077) 

1570 (4078) 

1571 (4051) Walden Force, West Yoredale Series. 1897. 

Burton Aysgarth. 
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Regd. 

No. 

1572 (4064) Aysgarth Force (lower), Yoredale Series. 1897. 

River Ure, Wensleydale. 

1629 (1767) Banks of River Nidd, Magnesian Limestone resting unconform- 

below Knaresborough. ably on Millstone Grit. 1891. 

1630 (3784) North side of Selwick Chalk. 1896. 

Bay, Flamborough. 

1631 (3749) Gristhorpe Nab, near Corallian Rocks on Oxford Clay. 1896. 

Filey. 

1632 (3764) Robinhood’s Bay. , . Lias. 1896. 


Carnarvonshire. —Photographed by G. T. Atchison, Corndon, Sutton^ 

Surrey. 1/4. 

827 Yr Eifl (The Rivals), Nevin Bay. Igneous intrusions in Ordovician Rocks. 

1895. 

Photographed by Godfrey B ingle y, Thorniehurst^ Ileadingley^ Leeds, 
Sent through the Yorkshire Naturalists’ Union. 1/2. 

1496 (3972) Y Foel Perfedd, near Perched Block. 1896. 

Pen-y-Pass, Llanberis. 

1497 (3970) „ „ „ „ 1896. 

1498 (4000) Penrhyn Slate Quarries. . Llanberis Slates. 1896. 

1499 (4001) „ „ ,. „ 1896. 

1623 (3999) Pass of Nant Ffrancon. . Ordovician Rocks. 1896. 

1624 (3943) „ „ „ . „ „ 1896. 

1626 (3992) Head of Nant Ffrancon. „ „ 1896. 

1626 (3950) Llyn Idwal, Twll Du, and „ ,, 1896. 

the Glyders. 

1627 (3958) Head of Llyn Idwal. . Storm in the Devil’s Kitchen. 1896. 

Glamorganshire. — Photographed by A. A. Armstrong, Denstone 
College, Staffs. 1/2. 

1436 (110) Mumbles Head, Swansea. Carboniferous Limestone. 1896. 

Photographed by R. H. TiDDEMAN, 28 Jermyn Street, S. W. 1/2. 

1697 Southerndown, near Bridgend. . Lower Lias resting unconformably on 

Carboniferous Limestone. 1897. 

1698 ,, ,, ,, tt ft 

Merionethshire. — Photographed by Q . J . Williams, 1/2. 

603^ Foel Tan-y-Grisiau. . . . Granitite intrusive into Tremadoc Rocks. 

Photographed by J. W. Reed, 17 Colebrooke Row, Islington, N. L. 

1564 Dolgelly Cambrian and Ordovician Landscape. 

1565 Cwm Bychan Lake. . . . Cambrian Rocks. 

1566 The Roman Steps, Drws Ardiidwy. „ „ 

1567 ,, ,, ,, 

Montgomeryshire. — Photographed by the late Rev. D. J. MacLeod, 
Hope, Salop. 1/2. 

703 The Roundtain from the S. . Arenig Volcanic Rocks. 

Pembrokeshire. — Photographed by H. L. P. Lowe, Shirenewton Hall, 

Chepstow, 1/2. 

1543 (A) Caldy Island, near Tenby. . Vertical Carboniferous Limestone. 1895. 
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Radnorshire. — Presented by W. Whitaker. 9/7. 

Regd. 

No. 

1559 Caban Coch, Birmingham Water- Silurian Grits, 
works Scheme. 


THE CHANNEL ISLANDS. 

Jersey. — Photographed by S. H. Reynolds, University College^ 
Bristol. 1/2. 

1583 (11) Soutli Hill Quarry, St. Lamprophyre Dyke intrusive in Qrano- 

Heliers. phyre. 189C, 

1584 (12) Fast of Cor bi^re Point. Marine denudation of Granite. 1896. 

Sark. — Photographed by F. Mason Good, Winchjield^ Ilarits. 10/8. 
412 Rocks at Port du Moulin. 


ISLE OF MAN. 

Photographed for Dr. A. Haviland, Dotiglas. Presented by G. W. 
Lamplugii. 1/1. 

1461 North end of Douglas Bay. . Lonan Flags (Skiddaw Series). 

1462 Prospect Hill, opposite the House Glacial Beds. 

of Keys, Douglas. 

1463 Poortown, West Quarry. . . Boulder of Diabase. 

Photographed by S. H. Reynolds, University College^ Bristol. 1/2. 

1589 (17) Langness, near Castletown. Basement Carboniferous Sandstone, rest- 

ing unconformably on ‘ Skiddaw Slate ’ ; 
both faulted. 1893. 

1590 (18) Pooylvaaish, near Castle- Marine Denudation of Carboniferous 

town. Limestone ; ‘ reef-knolls.’ 1893. 

1591 (19) Stack of Scarlett, near Sea-stack of augitc andesite. 1893. 

Castletown. 

1592 (20) Port Erin Harbour, North Contorted ‘ Skiddaw Slate.’ 1893. 

side. 


Photographed by W. W. Watts, 28 Jermyn Street^ S. IF. 1/4. 

1763 (M 10) Langness, near Castle- Carboniferous Conglomerate. 1897. 
town. 

1762 (M 23) Glen Wyllin. . . . Re- excavation of Drift-filled Valley by 

Stream. 1897. 


SCOTLAND. 

Argyll. — Photographed by Dr. R. D. Roberts, Clare College^ 


Cambridge. 1/4. 


1464 

(1) The Sgurr of Eigg, E. . 

Shape of Sgurr. 1896. 

1465 

(2) 

M »» 

from S. . 

Pitchstone resting on Basalt sheets. 1896. 

1466 

(D 

>J Jf 

. 

Pitch.stone. 1896. 

1467 

(4) 

„ ,, 


Cave at junction of Pitchstone and Basalt 





with old river-gravel between, 1896. 

1468 

(5) 

M tt 

Spur 

Columnar Pitchstone. 1896 


branching to N. 



1469 

(6) 

ft t) 

top of . 

1» 9) 


* Photographed by Fraserburgh. 1/1. 

1529 (8) Sgurr of Eigg. . . . Pitchstone. 



316 


llEPORT — 1897. 


Photographed by W. Lamond Howie, Monton llouee^ Moniouy 
Eccles, N.B. 14/4. 

Kegd. 

No. 

1761 ( ) Beinn Nevis from Cam Mor View of mountain. 

Dearg. 

Banff. — Photographed by A. S. Beid, Trinity College^ 
Glenalmond^ N.B. 1/2. 

1768 (H.P. 109) W. of Gardenstown. Fault between Old Red Sandstone and 

Metamorphic Series. 1897. 

Elgin. — Photographed by W. Lamond Howie, Monton Ilouse^ 
Monton^ Eccles. 1/1. {E) 

1760 ( ) Speyside, near Fochabers. . Earth pillars in Old Red Sandstone con- 
glomerate. 

Inverness. — ^Photographed by W. Norrie, Fraserburgh. 1 /I. 

1530 (1) Corrie Laggan, Skj^e. . . Glaciation. 

^Photographed by G. P. Abraham, Lake Poad, Kesv ick. Presented by 
W. W. Watts. 1/1. 

1701 (15) Sgurr na Gillean, Pinnacle Craggy form of Tertiary gabbros. 180G. 

Route, 

1702 (23) Sgurr na Gillean ; the Weathering of gabbro along joints and 

Gendarme. double basic dyke. 1890. 

1703 (12) Glamaig, from Sligachan. . Cone of Granophyre. 1896. 

Perth. — Photographed by A. K. Hunt, Southwoody Torquay. 1/2. 
432 Near Rumbling Bridge, Dunkeld . River* worn rocks. 


IRELAND. 

Antrim. — ’^Photograqyhed by R. Welch, Lonsdale Belfast. Sent 

Belfast Naturalists' Field Club. 1/1. 


1594 (5152) Murlough Bay. 

1696 (5154) „ „ 

1696 (515.5) „ „ 

1651 (1175) Cooraghy Bay, Rathlin 

Island. 

1652 (969) The Grand Causeway. 

1663 (253) Giant's Eyeglass. 

1664 (5119) Whitepark Bay. 

1656 (1173) Runabay Head and Porta- 
leen Bay, Torr, 

1656 (588) Cushendun. 

1667 (649) Ess-na-Larach, Glenariff. 

1668 (5161) Squire’s Hill. Belfast. . 

1659 ( ) Bay, near Kilroot. . 

166 O (61 1 8) Waterfall at Ballyrudder. 

1714 (6112) Ramore Head, Portrush. 

1715 (511.3) Portrush. 

1716 (6126) Shore at Golf Hotel, 

Portrush 

1717 (258) Portmoon, , 


Ancient Rocks, Trias, and Clialk. 1897. 
Conglomerate at base of Cretaceous Sys- 
tem, resting on Trias. 1897. 

Excavated out of Chalk and liasalt. 1891 . 

Columnar and cnp-and-ball Basalt. 1893. 
Erosion of clifFvS of columnar Basalt. 1885. 
Storm action on Chalk. 1895. 
Hornblende-schists and gneisses. 1889. 

Caves in Old Red Conglomerate. 1886. 
Gorge and waterfall in vesicular basalt. 
Contact of Chalk and Basalt. 1896. 
Eroded in soft Trias which forms land- 
slips, 1896. 

Glacial Sands and Gravels. 

Lias shales intruded upon and altered by 
dykes. 1895. 

Lias shales cut by Tertiary dyke. 1895. 
Peat under sand-dunes. 1896. 

Columnar Basalt and dyke.' 1 886. 
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Re^d. 

No. 

1718 (360) The Corn. Sacks, Bally- Coarsely columnar dolerite. 

gaily Head. 

1719 (5105) Whitewell, Belfast, . Pockets of altered Hints between Basalt 

and Chalk. 1892. 

1720 (5109) Whitehead Quarry, near Boulder Clay on glaciated surface of 

Carrickfergus. Basalt and Chalk. 1896. 

1721 (961) Portaleen Bay. . . Schists. 1891 or 1892. 

1722 (295) Curran of Larne. . , Raised beach. 1886. 

1723 (5130) „ „ . The Larne Gravels. 1889. 

1724 (5122) Moylena, Antrim, . . Glacial Sands and Gravels. 1895. 

1725 (5123) „ „ . . „ 

Photogra 2 ihrd by J. St. J. Phillips, 20 Unimrsiiy Square^ Belfast. Sent 
through Belfast Naturalists’ Field Club. 1/2. 

1697 (214) Tardree Quarry, S. side. . Columnar structure in rhyolite. 1895. 

1598 Sandy Braes. . . . Rhyolite decomposing into sand. 1895, 

1599 (216) Squire’s Hill, N. of Belfast. Tabular flints, faults, and dykes in the 

Chalk. 1896. 

1600 (217) „ „ Dyke in Chalk. 1896 

1601 (218) ,, ,, ,, Dyke in Chalk, including a mass of chalk. 

1896. 

1602 (219) Kilcoan, Island Magee. . Edge of dyke through the Brown Sands. 

1896. 

1603 (220) Cave Hill Quarry, Belfast, Dyke in Chalk. 1896. 

W. end. 

1608 (225) Crow Glen, Belfast. . Chloritic Chalk and Sands. 1897. 

1609 (226) Glenoe, near Larne. . Cietaceous Rocks covered by Glacial beds 

1896. 

Cavan. — ^Photographed by\B^. Welch, Lonsdale Street^ Belfast. Sent 
through Belfast Naturalists’ Field Club. 1/1. 

1744 (5138) Blacklion. . . . Erratic of Millstone Grit. 


Clare. — ^ Pholograjihed by R. Welch, Loyisdale Street^ Belfast. Sent 
through Belfast Naturalists’ Field Club. 1/1. 

1661 (5131) The Burren district. . Terraces of Carboniferous Limestone. 

1895. 


1662 (51.33) „ „ „ . . 

1663 (5134) „ „ „ . . Limestone Talus covering terraces. 


Donegal. — * Phoiograjdied by R. Welch, Lonsdale Street, Belfast. Sent 
through Belfast Naturalists’ Field Club. 1/1. 


1664 (1472) Muckros ‘ Market House.* 

1665 (2212) The ‘ SevenArches ’ Port- 

salon. 

1666 (1386 b) The Pullins, Ballintra. . 

1726 (2271) Muslac Cliffs, Rosapenna. 

1727 (5142) Moross Ferry, Portsalon. 

1728 (6143) Moross Castle, Mulroy 

Bay. 

1729 (2207) Three Mouth Cave, Port- 

salon. 

1730 (2215) Port Leaca, Portsalon. . 

1731 (2222) Great Cave, Portsalon. 

1732 (2246) Mulroy Bay, near Head. . 

1733 (1361) Glen Columbkill. . 


Bedding and jointing in Carboniferous 
Limestone. 1890. 

Bedded quartzites. 1893. 

Underground river channel in Carboni- 
ferous Limestone. 1894. 

Contorted quartzites. 

Contorted schists, 1894. 

Overthrust fold with pinching out of 
middle limb. 1 894. 

Quartzite cliffs. 1893. 

Stacks of Quartzite. 1893. 

Arches of bedded Quartzite. 1893. 
Schistose rocks. 1893. 

Metamorphic rocks and estuarine deposits. 
1890. 
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No. 

1734 (1357) Glen Head. . 

1736 (1369) The Stun-ell, Glen Head. 

1736 (1485) Teelin Salmon Rapids. . 

1737 (5136) Bundoran. 

1738 (1398) West end of Bundoran. . 

1739 (1399) „ „ » . . 

1740 (1393) The Fairy Bridges, Bun- 

doran. 

1741 (1394) ,, „ „ 

1742 (1386) The Pullins, Ballintra, 

Ballyshannon. 

1743 (6137) Piper’s Cave, Pullins, Bal- 

lintra. 

Down. — Photographed by Miss M. 

Belfast, ] 

1613 (1) Glen River, Newcastle De- 
mesne. 


Cloud Banner. 189(;. 

Quartzite and dykes. 1889. 

River erosion in schists. 1890. 

Rain sculptured boulder clay. 1894. 

Bedded Carboniferous rocks. 1894. 

Sea- worn caves in Carboniferous Lime- 
stone with the roofs falling in. 1892. 

Underground river channel in Carboni- 
ferous Limestone. 189 1. 

Cave with stalagmites and stalactites. 
1894. 

K. Andrews, 12 College Gardens, 
2/10. {E) 

Junction of Ordovician Rocks with gra- 
nite; basalt dyke cut off by latter. 


Photographed by J. St. J. Phillips, 20 University Square, Belfast, Sent 
through Belfast Naturalists’ Field Club. 1/2. 

1604 (221) Scrabo Quarry, Newto- Sills cut through by dyke of dolerite. 

nards. 1897. 1/4. 

1606 ( 222 ) „ 

1606 (223) „ 

1607 (224) „ „ „ Dolerite dyke with sills branching out 

from it. 1896. 


^Photographed by R. Welch, Lonsdale Street, Belfast. Sent through 
Belfast Naturalists’ Field Club. 1/1. 


1667 (716) The ‘ Butterlump,’ near 

Ncwtonards. 

1668 (1662) The Happy Valley and 

Slieve Lough Shannagh, 
Mourne Mountains. 

168 9 (1564) „ 

1749 (769) Slieve Donard from Slieve 

Bingian, Mourne Mountains. 

1750 (762) Castles of Kiv vitar, Mourne 

Mountains. 

1761 (767) 

1762 (6116) Glasdrumman, Newcastle. 

1763 (6116) 

1764 (5117) „ „ 


Erratic of basalt weighing about 133 tons. 
1892. 

Valley eroded in granite and doored with 
alluvium. 1896. 


»» >» j> 

Weathering of granite. 1889. 

Weathering of well -jointed granite. 1 890, 

Weathered granite stacks. 1 H9() 
Composite dyke. 1896. 

99 5 > 

>» 99 99 


Dublin. — Photographed by S. H. Reynolds, University College, Bristol. 

1 / 2 . 

1573 (1) Portraine, and Lambay Crushed Bala Beds. 1894. 

Island. 

1674 (2) Portraine Ordovician or Silurian grits and slates. 

1894. 

1575 (3) „ Overfolded Bala Limestone and Shale. 

1894. 

1676 (4) 

1577 (5) „ Bala Limestone. 1894. 

1678 (6) Above Saltpan Bay, Lambay Beginning of landslip. 1896. 

JsLmd. 
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Photographed hy R. Langton Cole, Loughrigg^ Sutton, Surrey, 1 /4. 

Regd. 

No. 

1645 (10) Coast of Howtb. . , Cambrian Rocks. 1892. 

* Photographed hy R. Welch, Lonsdale Street, Belfast. Sent through 
Belfast Naturalists’ Field Club. 1/1, 

1670 (5150) N. of Bray Harbour. . Submerged peat with tree-stumps in sHu. 

180G. 

1745 (1603) Howth Head. . . . Cambrian Quartzite and Slate. 1889. 

Fermanagh. — * Photographed hy R. Welch, Lonsdale Street, Belfast. 
1/1. Sent through Belfast Naturalists’ Field Club. 

1746 (1834) Knockmore, Enniskillen. High cliffs of Carboniferous Limestone. 

1890. 

Galway. — ‘^Photographed hy R. Welch, Lonsdale Street, Belfast. 

Sent through Belfast Naturalists’ Field Club. 1/1. 

1671 (5144) Benlettery, Connemara. . Jointed pre-Silurian Quartzite. 1896. 

1672 (2139) Benbreen and Bengower Quartzite crags. 1895. 

from Benlettery. 

1673 (2124) Col between Bengower Pre-Silurian Quartzites. 1895. 

and Benbreen. 

1674 (2120) Summit of Benbreen. . Scarped face of Quartzites with talus at 

foot. 1896. 

1675 (5145) Summit of Bengower. . Scarp of pre-Silurian Quartzite. 1895. 

1676 (2144) Kylcmore Pass, Lake and Valley in schists and quartzite. 1894. 

Diamond Mountain. 

1677 (2141) Cashel Mountain, Conne- Granite and schist with basic intrusions. 

mara. 1894. 

1678 (2118) Dcrryclare Mountain, Glaciated quartzites. 1894. 

from vale of Inagh. 

1679 (2121) Derryclare Mountain and „ „ „ 

Lough. 

1680 (2123) Derryclare Lough and ,, „ „ 

Ben Corbeg. 

1681 (6146) Maedara’s Island. , . \ ‘ Block-beach ’ of granite fragments. 

1682 (6147) Roundstone. . . . J 1896. 

1683 (5148) „ ... Partly submerged peat beds. 1806. 

1684 (2353) Dog’s Bay and Urrisbeg Glaciated granite ; beach of broken shells 

Mountain, Connemara. and foraminifera. 1896. 

1755 (6129) Dog’s Bay, Roundstone. . Kitchen Midden, Purpura lapillus, 1895. 

1756 (6128) „ ,, „ „ „ Littorina ,, 

1757 (5127) „ Patella 

Photographed hy H. L. P. LowE, Shirenewton Hall, Chepstow. 1 /2. 

1482 (H) Lough IMuck, Connemara. . Glacier-worn rocks. 1889. 

1483 (I) 

1484 (J) „ IMonth of . Relation of rocks, bog, and sea. 1 889. 

1485 (K) 

1486 (L) Ross Row, Little Killery, Metamorphic rocks. 1889. 

Connemara. 

Londonderry. — ^Photographed hy R. Welch, Lonsdale Street, Belfast. 
Sent through Belfast Naturalists’ Field Club. 1/1. 

1685 (1742) North entrance to Gorge Excavated in schists. 1890. 

R. Roe, Limavady. 

1686 (1744) The Dog’s Leap, R. Roe, „ „ 1895. 

Limavady. 
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R^cd. 

No. 

1687 (1749) Gorge of R. Roe, Lima- Excavated in schists. 1893. 

vadj. 

1688 (1750) Southern entrance to „ „ ,, 

Gorge of R. Roe, Limavadj'. 

1689 ( ) Glens of Banaghcr „ „ ,, 

1690 ( ) >» »t I* It tt 

Mayo. — ^Fhotograjjhed hy E». Welch, Lonsdale Street, Belfast, 
^/irow/yA Belfast Naturalists’ Field Club. 1/1. 

1691 (5170) Minaun Cliffs, Achill Flaggj’’ micaceous quartzite. 1897. 

Island. 

1692 (5171) ,, ♦, „ . Overfolded quartzites. 1897. 

1693 (5172) Cathedral Caves, Achill Marine erosion of flaggy quartzites. 1897. 

Island. ... 

1694 (6173) „ 

1695 (6199) ‘ Gulf ’ of Aille, Westport. 1 Subterranean river in Carboniferous Lime- 

1696 (5200) „ „ ./ stone, 1897. 

Sligo. — ^Photographed hy R. Welch, Lonsdale Street, Belfast, 1/1. 

1747 (6141) Aughios Plead. . . Lower Carboniferous strata. 1892. 

1748 (5140) ,, ,, . . „ „ ,, ,, 

Rock Structures, (fcc. 

Photographed hy H. Prestox, Grantham., 1/4. 

1414 ( ) Near Swanage, Dorset. . chert from Purbeck Beds. 1890. 

Photographed hy W. W. Watts, 28 Jermyn Street, TF. 1/1* (L) 

1704 (183) Pondfield Bay, near Swan- Chara-chxQxi fiom Purbeck Beds, 1890. 

age, Dorset. 

1705 (184) 

1706 (186) 

1707 (187) 

1708 (18) Spilsby, Lincoln. . . Sandstone. 

1709 (162) Cheviots, Northumberland. Granite. 

1759 (133) Mexico Perlitio structure in obsidian. 

Photographed hy J. J. II. Teall, 28 Jermyn Street, S. IF. 1/4. 

1710 Leckhampton Hill, Gloucester. . Inferior Oolite. 

Photographed hy A. R. Hunt, Sonthivold, Torquay, 1/4. 

1511 Rydonball Cross, Devon. . . Radiolarian Chert (culm ? ) in Culm Con- 

glomcr.itc. 


LIST 2. 

replacements. 

The following photographs which were missing from the collection have 
been replaced by the donors named : — 

Cheshire. — C. A. Defieux, 50 Windsor Road, Tue Brook, Liverpool, 1/2. 

460 Leasowe Shore '(Blown sands showing stratification and 

461 „ results of wind erosion in sandhills. 1891. 

462 Dove Point, Leasowe Shore . Submarine I"orest-bed, general view. 

463 (4) 

464 (5) „ 
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Derbyshire. — G. Bingley, Thorniehurst, Headingley, Leeds. 1/2. 

Regd. 

No. 

477 (1293) Doveilale. . . . Erosion of Carboniferous Limestone. 

483 () „ . . . „ 

Dorset. — M iss M. K. Andrews, 12 College Gardens^ Belfast. 1/1. 
299 Lulvvorth Cove Purbeck Beds. 

Lancashire. — R. G. Brook, Wolverhampton House, St. Helens. 

286 Ravenhead. .... Coal-measures.incliiding ‘Fiery Mine’ Seam. 

286 ,, ,, ,, ,, 

287 ,, ,, ,, 

288 

289 

290 ,, ,, ,, ,, 

This set forms a continuous sciics. 

Yorkshire. — G. Bingley, Thorniehurst, lleadingley, Leeds. 1/2. 
1146 (3002) Trow Gill, Clapbam. . Channel in Carboniferous Limestone. 

Montgomery. — W. W. Watts, 28 Jermyn Street, *9. IF. 1/2. (E) 

88 (12A) Corndon Hill, S.E. . . Base of the laccolite. 1885. 

89 (12) „ „ „ . . „ 

90 (13) Corndon Hill, W. side. . Middle Arenig shales resting conformably? 

on the dolerite of the laccolite. 1885 

Ayrshire. — J. wit, '^ 2 Boyd Street, Largs, Ayrshire. 1/4. 

404 Loch Boon. .... Glaciated surface (rock*basin). 

Kirkcudbright. — J. Stewart, 32 Boyd Street, Largs, Ayrshire. 1/1. 

348 Ness Glen, Boon Water, near River erosion, 1891. 

Dalmelhngton. 

Lanarkshire. — W. W. Watts {Photographed hy R. AtcF. Mure,"^ 

'db Underwood, Paisley). 1/2. 

33 Whitcinch, Partick, Glasgow. . Fossil Forest in Coal-measures. 

34 ,, ,, ,, . ,, ,, ,, 

36 „ „ „ . „ ,, „ 

Stirling. — J. Stewart,^ 32 Boyd Street, Largs, Ayrshire. 1/1. 

406 Strathblane. . . . . ‘ Ballagan Beds,’ with fault in Limestone. 

406 Spout of Ballagan, Ballagan „ „ 

Glen. 

Down. — M iss M. K. Andrews, 12 College Gardens, Belfast. 1/1. 

1000 (2) Glen River, Newcastle De- Junction of Ordovician with granite and 

mesne. basalt dyke cut off by latter. 

Fermanagh. — R. Welch,* Lonsdale Street, Belfast. 1/1. 

263 Knockmorc, Enniskillen. . , Ossiferous Cave. 

Rock-structures. — D r. H. Stolterfoth, 1 Grey Friars, Chester. {L) 

700 Denbighshire Foraminifera, &c., in Denbigh (Carboni- 

ferous) Limestone. 
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LIST 3. 

COllItECTIOXS. 

Owing to loss, withdrawal, confusion of numbering, or double entry, 
the following photographs have been renumbered and rearranged, or else 
described in more accurate detail, generally by the kind aid of the original 
donors. Photographs marked with these numbers in previous lists must 
be cancelled. 

By J. Stewart,'^ 32 Boyd Street, Largs. 1/2. 

Res-d. 

No. 

28 Bate, Cumbrac ; the Lion Rock. Trap Dyke (formerly 353). 

By R. Welch,* Lonsdale Street, Belfast. 1/1. 

50 Antrim, Whitepark Bay. . . Arch of Chalk. 

61 Fermanagh. Knockmorc Bone (Formerly 958a). 

Cave. 

By it. G. Brook, Woh'€rham 2 }fon House, St. Helen’s. 1/1. 

52 Denbigh. Llaridulas, near Abcr- Carboniferous Limestone (formerb 88S). 
gele. 

67 Montgomery, Pistyll Rbaiadr. . Waterfall over (Ordovician Rocks (formerly 

880). 

By A. O. Walker, Nant-y-Glyn, Colivyn Bay. \l'2, 

63 Denbigh, Cefn Beuno, Yale of Caves. 

Clwyd. 

By A. E. Nichols, 49 Reginald Terrace, Leeds. 1 /2. 

159 (G 34) York, Garforth. . . Magnesian Limestone 18S9. 

160 (G 34a) „ ,. . . 

161 (G :36a) „ S. Milford . . 

162 (G 36) „ „ . . 

163 (G 30b) „ Garforth . . 

164 (G 30a) „ „ . . 

By Wilbert Goodchild, 2 Dalhousie Terrace, Edinburgh. 1/2. 

191 Edinburgh, Salisbury Craigs. . Dolerite. 

By C. J. Watson, Alton Cottage, Bottville Road, xicock’s Greeo, 
Birmingham, 1 / 1 . 

319 Carnarvon, Blaen-y-nant, Llan- Perched Blocks on a, glaciated surface, 
beris. 

y Foel Perfedd, Llan- „ „ ,, ,, 

beris. 

„ „ „ Perched Block. 

Moor tS. of Capcl Curig. Glaciated Rock.s. 

,, „ „ Roche moutonneo. 

W. .side, CwmTry'faen. Large perched block on glaciated surface. 
Trefriew. . . . Glaciated surface. 

B\j J. Stewart,* 32 Boyd Street, Largs. 1/2. 

404 Ayr, Loch Doon, , . . Glaciated surface (rock-basin) (formerly 

:150) 

, Ballagan Beds, with fault (formerly 361). 


321 

320 

322 

323 

324 

325 


405 Stirling, Strathblane. . 
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Ihj A. R. Hunt, Southwood, Torquay. 

Re(?d. 

No. 

407 Devon, Kent’s Cavern. . . G Pecten shells cemented together. C/G. 

429 „ Lower Dunscombe Quarry, Upper Devonian rocks. 1/1. 

Chudleigh. 

432 Perth, Rumbling Bridge, Dun- River erosion. 1/2. 
keld. 


By C. A. Defieux, 50 ^Yindsor Boad, Ttie Brook, Liverpool. 1/2. 


460 

Leasowe Shore 

Bedding and wind-action in sand-dune.'^ 

461 


, . . . . 

Submerged Forest-bed ; general 

,, 

462 

Dove Point, Lca^owc . 

view. 

463 



, 

464 

>» 




465 





466 





467 



., „ tree 2 

feet 




diameter. 



By Godfrey Hincley, Thorniehurst, Ileadingley. 1 ^2. 


468 

(1243) Derby, Scarthin Nick, Mat- 

Carboniferous Limestone 




lock Bath. 



469 

(1319) 

Dove dale , 

>* 


470 

(1329) „ 

• 



471 

(1301) „ 

High Tor, Matlock. 



472 

(1320) „ 

Dovedale. 



473 

(1330) „ 

„ 



474 

(1325) „ 

,, 

»» 


476 

(1297) „ 

Clicc Tor, Miller’s 

♦» ,, 



Dale. 



476 

(1298) „ 

Choc Dale 

♦ ♦ '♦ 


477 

(1293) „ 

Dovedah'. 



478 

(1299) 

dice Dale. 



479 

(1313) „ 

Monsal Dale. . 



480 

(1326) „ 

Pillar Rock, Dove- 

»» »» 



dale. 



481 

(1300) „ 

A si 1 wood Dale 

„ ,, 


482 

(1322) „ 

Pillar Rock, Dove- 

»» M 



dale 



483 

„ 

Dovedale. 

M V 



By E. J. Garwood, Dryden Chambers, Oxford Street, JY.C. 1/1. 

900 Durham, Parson Byor.s’ Qunrry, ]\Iain Limestone covered by shale. 
Stanton-in-Weardale. (formerly 621a). 

By Messrs. Stewart Co., Photograph ers^ Myrtle Street, Glasgow. 1/1. 

939 Lanark, Partick, Glasgow, , , Fossil forest in Coal-measures. Stignm- 

iiaa root.s and stems. 


LIST 4. 

THE DUPLICATE (LOAN) COLLECTION. 

The numbers placed after the description of tlie photograph refer to 
the list of names and addresses given at the end. The first number refers 
to the photographer who is also the donor in most cases. When he is 
not so the donor is indicated by a second number. 
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Full localities and descriptions are given in present and previous lists 
under the numbers. 

This collection is arranged geologically, and from time to time the less 
perfect and less typical photographs will be removed and better ones sub> 
Stituted as they are given. Those laid aside can always be seen, sent, or 
returned by request. 

* Indicates that prints and slides may be bought from the photographer. 
P. indicates prints. S. indicates slides. 


1763 

1708 

1709 
576 
863 
137 
700 
163 

1282 


295 

1528 

960 

1199 

1352 


1563 

1 


1710 

965 

467 

154 

156 

33 
35 

34 
939 


523 


424 

465 

369 

879 


Examples of Different Rocks. 


Conglomerate. 
Sandstone, 
Granite. . 
Granite. . 
Limestone. 


Magnesian Limestone, 
llornstones. 


Carboniferous, Langness, Isle of Man. 1 I'. 
Neocomian, Spilsby, Lincoln. 1 P. 

Cheviots. 1 P. 

Dewerstone, Dartmoor. 6 S. 

Carboniferous, Dinder Wood, Mendips. 2P. 
„ Great Orine’s Head. 3 S. 

„ Denbigh. 4 P. S. 

Permian, Garforth. 5 P. 

Pre-Cambrian, Charnwood Forest. 1 P. 


Rock‘Strurtures. 

Beddiny. 

Coloured Mails. . . . Trias, Tewkesbury. 7 P. 

Limestones and ‘Broken Beds’ Piirbeck, Lulworth. 8 P. 

Limestones and shales. . . Carboniferous, Muckros Head. 9 P."*" 

Limestone „ Malham Cove. 3 S. 

Calcareous Grits on Oxford Gristhorpe Cliff. 3 P. 

Clay. 

False-bedding, 

Sandstone. .... Trias, Hilbrc Island, Cheshire. 10 P S. 
„ .... The Sphinx, Egypt. IIP. 


Fossils in Rocks. 


Limestone, weathered. 

Trees in Peat bog. . 

Trees in Submerged Forest 
Tree in Coal-measures. , 


Trees 


Inferior Oolite, above Pea Grit,'Leckhampton 
Hill. 12 P. S. 

Armoy, Antrim. 9 P.* 

Leasowe, Che.shirc, 10 P. S. 

Castlefold, Yorksliire. 5 P. 

n „ r> S. 

Partick, Glasgow, 42* 1 P. S 
„ „ 42* 1 P. 

„ „ 42* 1 S. 

M M 47* 1 P. 


Concretions. 

‘ Doggers ’ in sandstone. . Corallian, Scarborough. 5 P. 


Evidences of Earth-movement. 

Elevation and Submergence. 

Raised beach. . . .On Devonian rocks, Hope’s Nose, Torquay. 

13 P. 

Submerged forest. . . Leasowe Shore, Cheshire. 10 P. S. 


Folding and Contortion. 

Anticline Carboniferous Limestone, Sedbergh 14 P. 

„ Chepstow. 41 P. I 
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R#‘gd. 

No. 


39 

Anticline. 

40 

Anticlines and Synclinc. 

786 

Contortion. 

824 


582 


678 


435 

It • 

144 

Contortion. 

1692 

Overfolding. . 

1576 

>> 

1728 

Fold with middle 


pinched out. 


limb 


Carboniferous Limestone, Draughton, York- 
shire. 15 P. 

„ „ » 15 P. 

Purbeok rocks, Stair Cove, Lulworth. 3 P. 

„ „ M 3 S. 

„ „ „ near view. 6 S. 

Carboniferous rocks, Hartland. 6 S. 
Ordovician rocks, Hope, Salop. 1 P. S. 
Elland flagstones, Armley, Yorkshire. 45 P. 
Ancient Quartzite, Minaun Head, Achill. 
9 P.* 

Ordovician rocks, Portraine, Dublin. 11 P. S. 
Mulroy Bay, Donegal. 9 P. 


Fmdting. 

1616 Trough fault Coal-measures with coal-seam near Kimber- 

ley, Notts. 2 P. 

1361 Fault Gannister, Rowley’s Quarry, Leeds. 3 P. 


Jjrecciation. 


203 ‘Breccia-gash,’ Magnesian Marsden, Durham, 16 P.* 
Limestone 

1208 ‘ Crush conglomerate.’ . . Lsle of Man. IP. 


66 

1078 

101 

102 

1504 


424 

80 

180 

1629 

1276 

1581 

1697 

1596 


Jointing. 

Flagstones, worn into cave Old Red Sandstone, Holburn Head, Caith- 
and arch. ness. 17 P* 

Devonian rocks. ' . . . Castle Rock, Lynton, Devon. 3 S, 

Carboniferous Limestone, Near Grange, Lancashire. 3 P. S. 

‘ Grikes.’ 

„ 3 P. S. 

„ ,, Hunt Pot, Ribblesdale. 18 S. 

In the last three cases the joints are weathering into caves. 


XJneonform ity. 

Raised beach on Devonian Hope’s Nose, Devon. 13 P. 
rocks. 

Llandovery on Arenig rocks. . Hope Dingle, Salop. 1 P. S. 

Carboniferous on ancient rock.s. Thornton Force, Ingleton. 3 P. S. 
Magnesian Limestone on Mill- Knarcsborough. 3 P. 
stone grit. .... 

Trias resting on pre- Cambrian Woodhou.se Eaves, Chain wood Forest. 1 P. S. 
slates. 

Carboniferous Limestone on Moughton, near Settle. 11 P S 
Ordovician rocks. 

Lias on Carboniferous Lime- Southerdown, Glamorgan. 43 P. 


stone 

Cretaceous conglomerate on Murlough Bay, Antrim. 9 P.* 
Trias 


Surface Agencies; Denudation and Dejioslt. 


839 

963 

434 

57 

1084 

1669 


Running Water; streams. 

Storm Gorge Lanctoft, near Driffield 19 P. 

Pot-hole in stream. . . Glenariff, Antrim. 9 P. S.* 

,, ... Rumbling Bridge, Dunkcld. 13 P. 

Waterfall Pistyll Kbaiadi, ^lontgomeryshirc. 20 P. 

„ .... Rocky Valley, Tintagel. 3 S. 

„ over Yoredale Rocks, llardraw Scar, Hawes, Yorkshire. 3 P. 



326 


REPORT — 1897. 


Caverna, 

Regd. 

No. 

99 Weathered joints in Carboni- Near Grange, Lancashire. 3 P. S. 
ferous Limestone. 

353 Caves Cae Gwyn, Vale of Clwyd. 4 P. 

1502 Interior of Brow Gill Cave. . Ribblesdale. 18 S. 

1509 Stalactites Gaping Gill, Ingleborough. 18 S. 

1510 „ .... „ „ 18 S. 

230 Pipe in Chalk. . . . Under Thanct Beds, Elham Valley Railway. 

21 P. 

1644 Icicles, showing line of springs. Severn Tunnel, iMonraouth. 41 P. 

1612 Gravel, &c., in pocket in Carbo- Weaver Hills, Staffs. 22 P. 
niferous Limestone. 

Wind Action. 

1320 Stack of Keuper Sandstone Peakstones Rock, near Alton, Staffs. 22 P, 
cemented by Barytes. 

487 Millstone Grit. . . , Biimham Rocks, Harrogate. 3 P, 

494 „ ... „ „ 3 P. 

490 „ ... „ „ 3 S. 

607 Tunbridge Wells Sand. . . The Toad Rock, Tunbridge Wells. 3 P. 

460 Blown sand, stratified. . . Leasowe, Che.sliire. 10 P. 

461 „ „ . . „ „ 10 P. 

1650 Sand-dunes advancing. . . Church Tower, Eccles, Norfolk. 44 P. 

1699 „ „ . . „ „ „ 1 P. 

1700 „ „ . . „ „ „ 1 P. 

Action of llain. 

Alltdearg Burn, Fochabers, Earth jullars in Old Red Sandstone conglomc- 
Elgin. rate. 46 P. 

„ 46 P. 

„ M „ 4GP. S. 

„ M „ 46 P. S. 

» „ M M 46 P. 

M „ 46 P. 

„ „ » „ 46P. 

JPro.sif and Weathering. 

727 Screes of felsite. , , . Head of Glencorse, Edinburgh. 23 P. 

23 P 

,, ,, ... ,, ,, ,, X. • 

735 Fallen blocks on mountain side. Tyn-y-wern, Montgomery. 20 P. 

251 Denudation of granite. . . Happy Valley, Mourne Mountains. 9 P.’** 


763 

754 

765 

766 

767 
758 
760 


404 

325 

323 
322 

1190 

714 

718 

321 

324 
1497 


1496 

320 

449 


Glaciation ; Glaciated Surfaces. 

Scratched surface. . . . Loch Doon, Ayrshire. 24 P.*** 

„ ,, . . . Trefriew, Carnarvon. 7 P. 

Roche moutonn^e. . . . Capel Curig, Carnarvon. 7 S. 

Roches moutonnees. . . „ „ ,, 7 P. 

Glaciated rocks. . . . Cwm Glas, Snowdon. 25 P. S. 

Roche moutonn6e. . . . Arthur’s Seat, Edinburgh. 23 P. 

Undercutting by glaciation. . Blackford Hills, Edinburgh. 23 P. 

I’erched blocks on smoothed Pass of Llanberis. 7 P. 
surfaces. 

Boulder on glaciated surface. Cwm Tryfaen, Carnarvon. 7 P. S. 

Perched block on glaciated Pass of Llanberis. 3 P, 
surface. 

Glaciation ; Erratic ayid Perched Bloclcs. 

Perched block. , . , Near Pen-y-Pass, Llanberis, Y Foel Perfedd. 

3P. 

»>»•••• Jj M 'I R* 

Jt „ 1 S. 
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Rea:d. 

No. 

931 

248 

109 

112 

120 


802 

1067 

1345 

883 

1002 


720 

721 
61 

647 

1361 

1334 

1337 

1136 

1134 

573 

641 ^ 


414a 

1635 

799 

868 

869 

1342 


1288 

713 

723 

241 

662 

719 

973 

1262 

603a 

534 

533 

675 

677 

970 

1193 

716 


Erratic of Mount Sorrel granuv.. 

„ „ Mourne granite. . Clou^ 

„ on Carboniferous Lime- Near Gi’cv- ^ jas. 

stone. 


M 1> 


of „ 

Great Orme’s Head. 3 P. S. 

Glaciation — Boulder 

Clays and Contorted Drifts, 

Glaciated boulder in clay. 
Characteristic denudation of 

Near Crieff, Perth. 28 P. 

boulder clay. 

Filey. 3 P. 

,, ,, „ 

„ 3S. 

Contorted glacial drift. . 

Sherringham, Norfolk. 29 P. 

Moraine cut through by river. 

Bloody Bridge, Newcastle, Down. 32 P. S. 

Marine Action ; Dtmvulation. 

Tunnel eroded by sea. 

Devil’s Cave, Elie, Fife. 23 P. 

M M ,, 23 P. 

Erosion along joints. 

Bird’s Island, Caithness. 17 P.’^ 

Arch of erosion. 

Carsaig Arches, Mull. 17 P.*^ 

Filey, Yorkshire. 3 P. 

Sea- cirques 

Caves 

Flamborough. 3 P. 

Stacks. . . . • . 

Far advanced marine work on 

„ 3 P. 

chalk. , . . . 

» 3 P. 

Marine action. 

Thornwick Bay, Flamborough. 3 S. 

Sea stacks 

Boscastle, Devon. 6 S. 

Sixty years’ denudation. 

Marino, Holywood, Down. 32 P. S. 

Marine Action ; Landslips, 

Cliff falls. 

Shakespeare Cliff, Dover (before great fall, 
1807). 30 P. 

” . . . . 

Shakespeare Cliff, Dover (after great fall). 
30 P. 

Groin bent by landslip in 1893. 

Sandgate. 30 P. 

Wrecked house. 

„ 30 P. 

Floor of house fractured. 

„ 30 P. 

Speeton Clay slipping. . 

Speeton, Yorkshire. 3 P. 


Volcanic and Platonic Rocks, 


Rock Types and Relations. 


Agglomerate 

Tuffs, weathered. . 

Lava sheets and ash beds, &c. 

>> j» »» 

Brecciated Lava 

Basalt dyke, through chalk. . 

Granite dyke 

Veins of granite in slate. 

Two intersecting dykes of 
basalt in Trias. 

North Star dyke. . 

Dyke and branching sill of 
basalt. 

Branching sill of basalt in Trias. 
Intrusive sills of basalt. . 
Dolerite sill in Tremadoc rocks. 
Dolerite sill. • • • . 


Charnwood, Leicester. 1 P. S. 

South side Arthur’s Seat, Edinburgh. 23 P. 
Burntisland, Fife. 23 P. 

Pleaskin Head, Antrim. 9 P.* 

Down Hill, Londonderry. 32 P. 

East of Kinghorn, Fife. 23 P. 

Cave Hill, Belfast. 9 P. S."** 

Brazil Wood, Charnwood. IPS. 

Foel Tan-y-Grisiau, Merioneth. 31 P. 
Macedon Point, Down. 32 P. S. 

Ballycastle, Antrim. 32 P. 

Scrabo Hill, Down. 32 P. 

Scrabo Hill, Down. 32 P. 

Whitewell, Belfast. 9 P.* 

Criccieth, Carnarvon. 25 P. S. 

Salisbury Craigs, Edinburgh. 23 P. 



■jiiry Craigs, Edinburgh. 23 P. 

. Eair Head, Antrim. 9 P. B.* 

V. Oi 6 on Corndon, Montgomery. 1 P. 

„ » „ 1 P. 

ite, summit of, with „ „ 1 P. 

jales resting on it and a 
small easement dyke. 

Volcanic ‘ neck.’ . . , Tieveragh Hill, Cushendall. OP.* 

Intrusive felsite. . , . Glencorse, Edinburgh. 23 P. 

„ „ 23 P. 

jQQ Granite cutting off Ordovician Glen River, Down. 32 P. 

Rocks which are penetrated 
by a dyke of dolerite. 

1601 Dolerite dyke cutting through Squire’s Hill, Antrim. 33 P. 
chalk and including patches 
of it. 

1752 Composite d 3 ’ke . . . Glasdrumman, Newcastle, Down. OP* 

^'^63 „ „ . . . „ „ „ 0 P * 

.. „ . . . „ ,, „ 9 P.* 

Hock-stmctw'cs. 

240 Columnar structure. . . Giant’s Cau'^ewav. 0 P.* 

236 „ „ „ „ ‘ ‘ Giant’s Fan.’ 9 1’.=^ 

237 „ „ „ „ ‘ The Honeycomb.’ 9 S.* 

239 Cup and balPstructurc. . . „ ‘ Giant’s Gateway.’ 9 P.* 

849 Columnar diorite in Cambrian. Atherstone. 7 P. 

441 „ diabase. . . Welshpool. 1 P. 

1597 ,, rhyolite. . . Tardree, Antrim 3.3 P. 

1396 Radiating columns. . . The Spindle Rock, ISt Andrews. 3 S 

1307 Nodular porphyroid. . . High Sharpley, Cliarnwood 1 P S. 

1759 Perlitic structure. . . . Mexico. 1 P. 

1 187 Spheroidal structure. . . Ballengeich, Stirling. 3 1 P. 

Origin of Surface Features. 

Valleys. 

978 Denudation of Tertiary Basalt, GlenarifP, Antrim. 9 P.* 

&c. 

1147 Denudation of Carboniferous Trow Gill, Claphara. 3 J‘. 

Limestone, 

Escarjmients. 

1319 Aymestry Limestone. . . Weo (View) Edge, Salo]\ 29 P. 

1435 Millstone Grit. . . The Roaches, Staffs. 22 P. S. 

1432 „ „ „ 22 J’. 

1315 Carboniferous and igneous Wrekin, Balop. 2'.) P. 
rocks on Cambrian and 
Uriconian Rocks 

1421 Rhtetic and Lower Lias. . Sedgemoorand Poldcn Hills, Somerset. 22 S. 

Influence of structure pianos. 

1085 Joints governing denudation. Tintagel 3 P, 

1561 ,, ,, ,, Hilbre Island, Chcslrire 10 P. 

1121 „ „ „ Criccieth. 25 P. S. 

and forming caves. 

1232 Bedding and joints influencing Criccieth. 2.5 P. S. 
formation of caves. 

1122 „ „ „ Filey. 3 P. 

1585 Dipinfluencing valley contours. Cheddar, Somerset. 11 P. 
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Ancient Surface Features. 

Perched Bmldem. 

Regd. 

No. 

1381 Boulder resting:;' on denuded Norber. 3 P, 

limestone pedestal 

1382 „ „ „ „ 3 V. S. 

Drift-filed Valleys. 

1340 In chalk now being rc-excavat- Flamborougb. 3 P. S. 
ed by the sea 

1762 In ‘ Skiddaw vSlate ’ being re- Isle of Man. 1 P. S. 
excavated b}' stream of 
Glen Wyllin 

Triasflled Valleys. 

1270 In slates Swithland Wood, Cbarnwood. 1 P. S. 

1271 „ „ „ „ 1 P. S. 

1292 In Bardon Rock, along old Bardon, Cbarnwood. 1 P. S. 

ciusli-planes. 

Dry T ^alleys and Caverns. 

1368 In Mountain Limest(mc . . Malham and Gordalc. 3 P. S. 

1373 „ „ . . „ „ 3 P. S. 

1370 „ „ . . Dry M'aferfall „ 3 P S. 

869 ,, „ . . . Cheddar Clor^e. 2 P. 

Buried Cliffs and Taluses. 

1460 Pre-Glacial . . . Sewerby Chfr, Bridlington Quay 35,36?. 

972 Chalk cliff and sea cc covered by Cave Hill, Belfast. 3 1’’*' 

Tertiaiy Basalts. 

Characteristic Bocks and Layidscapes. 


Pre-Palreozoic. 


73 

Archaean Gneisses, &c. 

Whitenhead, Sutherland. 17 P.* 

74 


„ „ 17 P* 

1274 

Pre-Cambrian ‘ Slate-agglome- 
rate ’ 

Bradgatc Park, Cbarnwood. IPS. 

981 

Ancient rocks covered by Tertiary 
Basalts. 

Murlough Bay, Antrim. 9 S.* 


Palccozoic. 

1645 

(’ambiian slates, kc 

Howth, Dublin. 37 P. 

603 

Tremadoc Slates intruded upon 
by granitite 

Foel Tan-y-Grisiau, Merioneth. 31 P. 

436 

Wenlock Limestone . 

Wenlock Edge, Salop. 1 P. S. 

726 

Old Red Sandstone lavas and 
tufts. 

Pentland Hiils. 23 J’. 

801 

Tilted Old Red Sandstone . 

C'’riefT and Comrie Railway. 28 P 

474 

Carboniferous Limestone. . 

Dovedale, Derbyshire. 3 P 

864 

?> n • 

Dinder Wood, Mendip Hills 2 S. 

1422 

1, ,, . . . 

Cheddar, Somerset. 22 I’. 

1423 

17 11 • • • 

„ „ 22 S. 

135 

11 • • • 

Great Orme’s Head, Idandudno. 3 P. S. 

512 

„ ,, brecciated. 

Near Gargrave. 5 P. 

580 

,, ,, and Volca- 

nic Rocks. 

Brent Tor, Devon. 6 S. 

1113 

Yoredalc Beds. .... 

Bolton Abbey, Yorkshire. 3 P. 

405 

Bal lagan Beds .... 

Strathblane, Stirling. 24 P.*** 

717 

Carboniferous Volcanic Rooks. . 

West of Ehe, Fife. 23 P. 
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Rogd. 

No. 

725 Carboniferous Trachyte. . . J’ass Rock, Haddington 23 T. 

711 ,, Lavas and tuffs. . Burntisland, Fife. 23 P. 

169 Magnesian Limestone. . . Garforth. 5 P. 

160 „ „ 5 P. 

161 „ ., . . . S. Milford, 5 P. 

162 „ „ . . . „ 5 P. 

164 „ „ . . . Garforth. 5 P. 

Mesozoic. 

866 Dolomitic Conglomerate. . . Croscombe Hills, Somerset. 2 P 

544 Rock-salt in Trias. . . . Witton Hall, Cheshire. 38,* 1 P. 

1322 Keuper conglomerate. . . Peakstones Rock, Staffs. 22 P. 

641 Rhaetic Beds. .... Lavernock. 7 P. 

1364 Corallian Rocks on Oxford Clay. Gristhorpe Cliff, Yorkshire. 3 P. 
1119 ,, „ . . . . Filey Brigg, Yorkshire. 3 S. 

1416 Portland Stone and Cherts. . Tilly Whim, Swanage, 39 P. 

681 Contorted Purbeck Rocks. . . Stair Cove, Lul worth. 6 S. 

1662 Wealden Strata. . . . Brightstone, Isle of Wight. 40 P. 

1633 Lower Greensand Cherts. . . Leith Hill, Surrey. 1 P. S. 

796 Upper Chalk St. Margaret’s Bay, Kent. 30 P. 

1331 Chalk and Boulder Clay. . . Flamborough. 3 P. 

1163 Chalk cliff. .... The ‘ Giant’s Head,’ Portrush. 3 P. 
1699 Tabular flints, faults, and dykes in Squire’s Hill, Belfast. 33 P. S. 
chalk. 

Camozoic. 

226 Thanet Beds on Chalk. . . Elham Valley, Kent. 21 P. 

1719 Bed of flints on Chalk altered by Cave Hill, Belfast. 9 S.* 

Basalt sheets. 

884 Norwich Crag on Chalk. . . Thorpe, near Norwich. 29 P. 

1344 Boulder Clay on Corallian Rocks. Filey, Yorkshire. 3 P. 

1324 Implementiferous Gravel. . . Near Farnham, Surrey. 39 P. 

61 Ossiferous Cavern. . . . Knockmore, Fermanagh. 9 P.* 

463 Submerged Forest . . . Leasowe Shore, Cheshire. 10 P. 


1766 

Kitchen Midden. 
lapillus. 

Purpura 

Roundstone, Galway. 

9 P.* 

1756 

,, ,, 

Litforina. 

Roundstone, Galway. 

9 P*. 

1767 

»» »» 

vulgata. 

Patella 

Roundstone, Galway. 

9 P.* 


Names and Addresses of Donors and Photographers. 


r. s. 

1. Professor W. W. Watts, Mason College, Birmingham . .25 15 

2. Professor F. J. Allen, Mason College, Birmingham ... 4 1 

3. Godfrey Bingley, Thorniehurst, Headingley, Leeds . . .39 23 

4. Dr. H. Stolterfoth, 1 Grey Friars, Chester .... 2 1 

6. A. E. Nichols, 49 Reginald Terrace, Leeds .... 9 1 

6. The late J. J. Cole — 6 

7. C. J. Watson, Alton Cottage, Bottville Road, Acock’s Green, 

Birmingham 8 2 

8. A. Strahan, 28 Jermyn Street, S.W 1 

9. R. Welch, Lonsdale Street, Belfast ...... 25 

10. C. A. Defieux, 60 Windsor Road, Tue Brook, Liverpool . . 7 

11. S. H. Reynolds, University College, Bristol .... 4 

12. J. J. H. Teall, 28 Jermyn Street, S.W 1 1 

13. A. R. Hunt, Southwood, Torquay 3 — 

14. H. Richardson, Sedbergh School, Yorkshire .... I — 

16. A. S. Reid, Trinity College, Glenalmond, Perth, N.B. . . 2 — 

16. G. Hingley, Cullercoats School, near Tynemouth ... 1 — 

17. W. Norrie, 21 Cross Street, Fraserburgh • • • . • 5 — 


t> 
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r. 

18. S. W. Cuttriss, 6 Fieldhead Terrace, Camp Road Leeds 

19. W. Grantham, 54 Gordon Street, Scarborough . 

20. R. G. Brook, Wolverhami)ton House, St. Helen's 

21. Prof. K. W. Reid, University College, Dundee . 

22. A. A. Armstrong, DenstoneJCollege, Staffs . 

23. W. Goodchild, 2 Dalhousie Terrace, Edinburgh 

24. J. Stewart, 32 Boyd Street, Largs, Ayrshire 

25. G. T. Atchison, Corndon, Sutton, Surrey 

26. The late J. Plant 

27. Messrs. Burton & Sons, Photographers, Leicester 

28. H. Coates, Pitcullen House, Perth .... 

29. H. Preston, The Waterworks, Grantham . 

30. Captain S. G. McDakin, 16 The Esplanade, Dover 

31. G. J. Williams, Bangor, N. Wales .... 

32. Miss M. K. Andrews, 12 College Gardens, Belfast 

33. J, St. J. Phillips, 20 University Square, Belfast 
3 1. 11. Kidston, 24 Victoria Place, Stirling 

35. Mr. Allerston 

36. G. W. Lamplugh, 28 Jermyn Street, S.W. 


37. R. liungton Cole, Loughrigg, Sutton, Surrey .... 1 

38. J. Birtles, Legh House, Warrington ...... 1 

39. H. W. Monckton, 10 King’s Bench Walk, Temple, K.C. . . 2 

40. A. K. Coomara-Swamy, Walden, Worplesdon, Guildford . . 1 

41. H. L. P. Lowe, Shirenewton Hall, Chepstow .... 2 

42. R. McF. Mure, 35 Underwood, Paisley, Glasgow ... 2 

43. R. 11. Tiddeman, 28 Jermyn Street, S W 1 

44. Clement Reid, 28 Jermyn Street, S.W 1 

46. J. E, Bedford, Arncliffe, Shire Oak Road, Leeds ... 1 

46. W. Lamond Howie, Monton House, Mon ton, Ecch'S ... 7 

47. J. R. Stewart, Violet Grove House, St, George’s Road, Glasgow 1 


1 

2 

2 

6 

. 17 

2 
4 

I 1 

J 

2 

4 

6 

2 

8 

3 

1 


219 


s. 

4 

3 

4 


a 

1 


2 


2 


81 


LIST 5. 

Eeferkxce List of Photographs illustrating (tEOLOgical 
Papers and Memoirs. 

Oeoloyisis^ Associatiim. ‘ Proceedings.^ VoL XIII. (1893-94), ^5^5. 2, band 
6. Report of Excursion to Xorivich, A:c. Bg 0. Reid and others. 
From negatives hy A. Strahan. 

Kegel. 

Nu. 

1711 Western Chalk Bluff, Triming- Contorted Chalk under Drift. 

ham. 

1712 Cliff at Runton. Contorted Drift with Chalk. 

1713 Cliff at Beeston. * Augen’ structure in contorted Drift, 

Vol. XIV. (1895-96), 7). 310. Plate XI., A and B. Excursion to Swanage, 
dec. By 11, W, Monckton a^id others. From negatives hy H. W. 
Monckton. 

1415 Tilly Whim * Caves,’ Swanage. Portland Stone and Chert Beds. 

1418 Durlston Head. Base of Purbeck Beds resting on Portland 

Stone. 

Geological Alagazine. Dec, IV., Vol. III., 1896, page 18. Paper 
on Perlitic Structure. By W. W. Watts. From negative hy 
W. W. Watts. 

1769 Perlitic structure in obsidian. Mexico. 
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Dec. IV., Vol. IV. {\^^1),parje 31, &c. Plates //., ///., IV. Paper on 
Pritiah Geological Photographs. By W. W. Watts. From negatives 
by Miss Andkews, G. Bingley, and E. J. Garwood. 

Re^d. 

No. 

Bila Pump at Marino, Down, Encroachment by Sen. 

1340 Flamborough He^id. Drift-filled Valley in Chalk. 

890 , 891 Ctillernose, Northumber- Intrusive character of Whin Sill, 
land. 

Ancient Volcanoes of Great Britain. Sir A. Geikie, 1897. Vol. II., 
Figs. 31G, 331, 333. From Negatives by 11. Welch and G. P. 
Abraham. 

245 Fn ir Head, Antrim . . . Intrusive mass of Columnar Dolerite. 

1701 Sgurr na Gillean, Skye . . Gabbro. 

1702 The Gendarme, Sgurr na Gillean Gabbro and Dykes of Dolerite. 

The Practical Photographer, Vol. VIII., 1897. No. 88, jrp. 113-115. 
Paper on ^Geological Photographs and Photographic Surveys.^ From 
negatives by G. Bingley and A. Straiian. 

1629 Knaiesborough .... Magnesian Limestone on Millstone Grit. 

1381 Norber Perched Boulder. 

1135 Thornwick Bay, Flamborough . Ciialk and Boulder Clay. 

1528 Near Lulwortli .... Pin beck Beds. 


Journal Scottish Mountaineering Chib. From negative by W. Lamond 

Howie. 

*1761 Ben Nevis from Cam Mor Dearg. 


Open-air Studies. By Prof. G. A. J. Cole. 1895, From negatives by 
the late J. J. Cole. 

582 Stair Cove, Lulwortli. . . Contorted Piirbeck Rocks PI. XL 

888 Cwm Glas Moraine, Carnarvon- Frontisjnece. 
shire. 


1724 

982 

236 

973 

251 

963 

1751 


From 7irgafivcs by R. Welch. 


Sands and Gravels, Moylena, 
Antrim. 

M\irlough Bay, Antrim 
Tlie Giant’s Fan, Antrim. . 

Cave Hill, Belfast. 

Slieve Bingian, Down. 

Glenariff, Antrim. 

Castles ot Kivvitar, Mournc 
Mountains, 


PI. HI. 

PI. IV. 

PI VI. 

Dyke in Chalk PI. VII. 
Granite. PI. IX. 

Pot-hole in stream. Fig. 1 
Granite. Fig. IG. 


Irish Naturalist. From negatives by Miss M. K. Andrews. 


641u Old pump, Cultra, 

534 Dykes, Macedon Point. 

663 Noitli Star Dyke, Ballycastle. 


. Vol. if. 1893. PI. 1. 

*|Vol. iii. 1894. PL IV. figs. 1 and 2. 


From n'f/atives by R. Welch. 
1726 Contorted Quartzite, Bosapenna, Vol. iii. 1894. PI. V. 
Donegal 

1679 Dcrryclarc Lake and Mountain, Vol. iv. 1895. PI, IV. 
Connemara, 
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Cretaceous Fossils in Aherdeenshire. — Uepori of the Committee^ consisting 
oj- T. F. Jamieson {Ghainnan), A. J. Jukes Browne, amt John 
Milne (Secretarif)^ appointed to ascertain the Age and llelation of 
the Hocks in whick Becondarg Fossils have been found near Moreseat, 
Aberdeenshire. 

Appendix. — Chi the Fossils collected at Moreseat, hy A. J. Jukes Browne, 337 

Moreseat is in the parish of Cruden, in the east of Aberdeenshire. It 
lies at an elevation of 300 feet above sea-level, and the surface of the 
ground slopes to the sea at Cruden Bay, distant five miles to the south. 
On the north the ground rises gradually, reaching the height of 450 feet 
above sea in Torhendry Ridge, which is strewn with chalk-flints in great 
abundance. 

Previous Investigations. — Geologists are indebted to l)r. William 
Ferguson of Kininundy for the earliest notices of Greensand at Moreseat. 
In 1839 an excavation 9 feet deep was made for the water-wheel of a mill, 
and a drain away from it, on the south side of the farm steading, a little below 
the 300-feet level. The excavation was made in clay, and in it were 
found layers of sandstone containing many fossils. The Rev. J. J ohnstone, 
Belhelvie, who lived at Moreseat at the time, says that the discovery excited 
great interest, and that Moreseat was visited by scientific men, amongst 
others by Professor Knight of Marischal College and University, Aberdeen, 
who communicated with Dr. Thomson of Glasgow University on the 
subject, and informed his class of 1839-40 that Greensand had been 
discovered at Moreseat. i)r. Ferguson was a student in this class, and 
thus had his attention directed to the Moreseat fossils from the first. 
Hundreds of loads of clay were removed from the excavation, and many 
fossils were collected ; but when the wheel was put in and built up, and 
the drain was covered up, there remained no trace of the interesting 
discovery. 

In 1849, on making a deep ditch alongside a road to the north of the 
farm steading, and a little above the 300-feet level, the same clay, sand- 
stone, and fossils were met with. Dr. Ferguson sent a notice to the 
Philosophical Society of Glasgow.* Next year he visited the newly-made 
ditch, and sent an account of the original discovery and a description of 
what he saw to the ‘ Philosophical Magazine.’ Dr. Ferguson’s description 
of what he saw is quoted here, because it exactly coincides with what was 
seen in subsequent excavations. ‘ An excavation about 7 feet in depth 
was made, and the section presented irregular layers of unctuous clay, of 
a dark brown colour and soapy feel, and so tough and adhesive as to render 
it a work of considerable labour to dig it out. interstratified with this 
clay were thin Ip-yers of a compact sandstone. These layers of sandstone 
were not continuous ; they graduated into each other, thinned out, dis- 
appeared, and reappeared most confusedly. They were very much inclined, 
dipping towards the south. The whole mass had much the appearance of 
having been drifted ; although from the nature of the matrix, and the 
state of preservation in which the shells were found, it did not appear as 
if it could have been drifted far. The sandstone was tough and soft when 

* See Proceedings of the Society, vol. iii. 1819. 


- See vol. xxxvii. 1850. 
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newly dug, but hardened on exposure to the air, and became light-coloured 
in drying. Wlien wet, it presented a mottled appearance, the colour being 
greenish ; when dry, this almost disappeared.’ 

In 1856 a collection of fossils from Moreseat, made by Dr. Ferguson, 
was examined by Mr. J. W. Salter, of the Museum of Practical Geology, 
J ermyn Street, London, and Mr. W. H. Baily ; and a list of twenty 
specimens named by them was presented to the Geological Society of 
London, and published next year in the Quarterly Journal of the Society, 
along with a note by Dr. Ferguson. Types of these fossils are preserved in 
the Museum. Mr. Salter regarded the Moreseat fossils as an indication, 
in the near neighbourhood, of Upper Greensand in situ. 

In the memoir descriptive of the sheet of the Geological Survey con- 
taining Moreseat, notice is taken of the Greensand fossils found there, 
and of the Chalk-flint fossils found at Bogingarrie, a feAV miles to the south- 
west, also described by Mr. Salter ; but the surveyor does not say that he 
saw at Moreseat any fossils or fragments of Greensand sandstone. 

In 1894 the Secretary of the Committee was lecturing at Cruden on 
Geology and Agriculture for Aberdeen County Council, and was induced 
by the mention of Greensand in the memoir to visit Moreseat and make 
inquiries ; but he could learn nothing further than that fossils had been 
found in the excavation made for the mill-wheel, and as it was enclosed 
with masonry nothing could be seen. He visited the place repeatedly and 
examined all the ditches and watercourses on the farm, but found no 
fossils. 

The reason of this was seen afterwards. When pieces of the sand- 
stone were exposed to frost they became a soft paste on thawing, and all 
trace of the fossils they contained disappeared. lie afterwards met with 
Mr. Alexander Tnsch, Peterhead, who has made a collection of Chalk-flint 
fossils found on the ridge running south-west from Buchanness, and who 
had heard that fossils had been found north of the farm steading. Ac- 
eompanied by him and Mr. D. J, Mitchell, Blackhills, Peterhead, he again 
visited Moreseat. An excavation was made to the north of the ditcli seen 
by Dr. Ferguson, and after passing through a foot or eighteen inches of 
sandy clay, thin layers of sandstone with fossils were found. The appear- 
ance of the layers of sandstone was peculiar. They conveyed the idea that 
they were cakes of some plastic material spread out in a soft .state, yet 
not wet enough to bear great Lateral extension without cracking. The 
layers were full of vertical cracks, which broke them up into small frag- 
ments. These might have been caused by shrinking on drying, as the 
excavation was made where the ground would be dry in summer. The 
method of occurrence was the s.ame as that described by Dr. Ferguson 
already quoted. The fossils found were chiefly .shells and spines. 

Specimens were forwarded to the British Association with an appli- 
cation for a grant of money to ascertain by deeper excavation whether 
the bed from which the sandstone had come could be found there. Though 
the application was unsuccessful, digging was continued by Messrs. Mit- 
chell and Insch, who collected a large quantity of fo.ssils in various places, 
over an area a quarter of a mile broad, in the neighbourhood of Moreseat. 

In 1(S95 specimens were sent to Dr. H. Woodward, of the Natural 
History Museum, London, with another application for a grant from the 
British Association. A grant of 10/. wa.s given, and the Committee already 
named was appointed. 

Dr. J. W. J udd, of the Boyal College of Science, South Kensington, 
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was consulted about the specimens already collected by Messrs. Mitchell 
and Insch, and by his advice they were sent to the Geological Survey Office, 
where they were examined and compared with Dr. Ferguson’s typical 
specimens by Mr, G. Shannan and Mr. E. T. Newton. They published a 
statement of the result of their examination in the ‘ Geological Magazine ’ 
in June 1890. They came to the conclusion that the specimens had 
‘ been derived from beds where a large part of the Cretaceous series of 
strata occurs ; not only Upper and Lower Chalk, and Upper Greensand 
as pointed out by Salter, but also beds of Lower Greensand or Speeton 
Clay age.’ In making this statement they seem to have referred not only 
to the specimens collected by Messrs. Mitchell and Insch, but also to the 
Chalk-flint specimens in the Ferguson collection. It may therefore be 
noted that though flints are found in great abundance on the ridge above 
Moreseat, they become fewer in going down the hill-side, and are compara- 
tively scarce at Moreseat, and it may be assumed that none of the flint- 
fossils in the Ferguson collection were found in the immediate neighbour- 
hood of the Greensand fossils. 

Work of the Committee. — On being made aware of their appointment 
the Chairman and the Secretary unit on the ground, accompanied by 
Messrs. Mitchell and Insch ; Dr. Ferguson unfortunately was unable to 
be present. Mr. Johnstone, the proprietor of the farm, kindly consented 
to allow an excavation to be made. All the places where fossils had been 
found were examined, and it was resolved to sink a shaft at the highest 
place where they were certainly known to be, in the belief that the frag- 
ments of sandstone had been moved from a higher to a lower level. The 
place selected is on a knoll north of Moreseat, about 330 feet above the 
sea-level, and about a quarter of a mile from the place where fossils were 
found in 1839. The ground to the north is covered with peat-moss over- 
grown with heather, and nothing can be seen of its character. Half a 
mile to the north-east there is some cultivated land, and a pit had been 
sunk by a crofter for a pump in white unstratilied siliceous matter, appa- 
rently detritus of chalk- flints. To the north-west another pit had been 
dug. At first glacial drift clay was met with, then fine stratified sand, 
unsuitable for a pump-well, and the excavation was stopped at 14 feet 
deep. This hole was 50 feet above the site selected for the shaft. It was 
thought best to defer the sinking of the shaft till the following summer 
to avoid risk of obstruction from water. 

Mr. J. T. Tocher, the Secretary of the Buchan Field Club, which is 
affiliated to the British Association, undertook to contract for the work, 
and along with Mr. Mitchell to visit it while in progress, and to examine 
the material excavated. 

The shaft was dug in the summer of 1896, and a depili of 30 feet was 
attained. The first foot consisted of ordinary soil. Below it was found 
a yellowish-brown sandy clay mixed with small fragments of sandstone 
and pebbles of quartzite and flint. The sandstone was afterwards found 
to be composed of Quartz, Mica, Glauconite,^ and Colloid Silica, and it 
may be termed Glauconitic Sandstone. Almost every fragment yielded 
fossils, mostly small shells. At 3 feet the clay became finer and the 
sandstone fragments mort? abundant. At 4 feet they were in layers 
among the clay, gradually thinning out and disappearing, as described by 
Dr. Ferguson. At 5 feet, on the south side of the shaft, a deposit of fine 

* ‘Glauconite. Round grains; dull resinous ; light green; chemical composition, 
silicate of protoxide of iron and potash.’ — Ileddle, in Encyc. Brit,, vol. xvi. p. 416. 



336 


REPORT — 1897. 


white sand was found, in which were pebbles of granite, quartzite, and 
flint. In the otlier part of the shaft the clay continued, with numerous 
bits of the grey glauconitic sandstone in a Layer, much broken, dipping to 
the south, which is the direction of the slope of the surface of the ground 
at Moreseat. The mass of sand increased down to 8 feet, where it ended. 
At the bottom of the sand there was a block of granite a foot in diameter, 
and under it a large flint pebble. At 10 feet there was, on one side, a 
mass of black clay with a soapy feel, in which sandstone fragments, much 
worn, were found. This black clay stopped at 11 feet. At 14 feet it 
began to appear again, and to take the place of the yellowish-brown clay, 
which ended at 16 feet. The lower part of it contained many stones. 
From this level the black clay continued all the way down to 30 feet, 
where it was succeeded by red laminated clay, without stones of any kind. 
The black clay contained large stones of granite and quartzite and small 
fragments of the glauconitic sandstone all the way, but the stones grew 
fewer in number the deeper the shaft was sunk, and the sandstone frag- 
ments had almost ceased at 27 feet. The excavation could not be carried 
farther than 30 feet, because, on reaching the red laminated clay, water 
began to come in, and the funds were exhausted. 

The Committee regret that they were unable to ascertain the nature 
of the solid rock under the shaft. • Most likely it would have been found 
to be granite, the rock seen at the sea-coast from Cruden Bay to Peterhead. 
The shaft was evidently in glacial drift clay all the way, and therefore the 
sandstone fragments were not in siin, but had been transported, apparently 
from the north. By a series of pits a few feet deep made in this direction 
it might be possible to follow the sandstone fragments farther up the hill, 
and a shaft sunk at the uppermost place where they could be found might 
discover the bed from which they came ; yet the Committee cannot ven- 
ture to express a confident opinion that another excavation would be more 
successful than the last in finding the origin of the Clauconitic Sandstone. 
Many appearances indicate that the latest changes on the surface of the 
ground in the district in which Moreseat is situated were caused by local 
glacial sheets, perhaps not on a great scale, yet capable of moving great 
quantities of loose and soft matter. The white sand in the shaft seemed 
to have been moved bodily from a bed seen to the north-west at a higher 
level. The original seat of the Glauconitic Sandstone may have been to 
the north of the shaft, a little farther up the hill, and yet the bed may 
have been entirely removed by ice descending the hill. If, however, the 
British Association renew the grant, the Committee will be happy to 
make another attempt to find the origin of the Moreseat fossils. Some of 
the gentlemen who have aided in the work might be added to the Com- 
mittee. 

Mr. Tocher, F.I.C., analysed the clays found in the shaft, and ascer- 
tained that the reddish colour of the one was due to ferric iron, and the 
black colour of the other to ferrous iron. There is at Aldie, about a mile 
from Moreseat, a band of very black igneous rock. There may be also 
some of it above Moreseat, concealed by superficial drifts, and if so it 
would account for the colour of the black clay. 

Mr. Insch collected a large quantity of sandstone fragments containing 
fossils. These were examined by Mr. A. J. Jukes Browne, and will 
ultimately be deposited in a museum in Aberdeen for preservation. 
Mr. Jukes Browne is of opinion that the sandstone was a deposit made in 
clear water of a moderate depth, not far from land, and that the fossils in 
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it show that it corresponds to the Lower Greensand of the Isle of Wight. 
Mr. Jukes Browne’s report is appended in full. 

APPENDIX. 

Report on a Collection of Fossils from Moreseat^ Aberdeen. 

By A. J. Jukes Browne, B.A.^ F.G.S. 

The existence of Cretaceous fossils, embedded in a kind of ‘ Green- 
sand,’ and found at Moreseat, near Aberdeen, has been known to 
geologists for nearly fifty years. Mr. W. Ferguson discussed them in a 
paper read before the Philosophical Society of Glasgow in 1819, and 
subsequently communicated to tlie ‘ Philosophical Magazine.’ ^ In this 
he observes that most of the remains are casts, and he mentions the 
occurrence of several species of Aninionites and Belemnites^ as also of 
Cardinm^ Terehratjila^ Trochns, Solarium^ Cerithinm, and Spatangus. 

Some of Mr. Ferguson’s fossils were examined and named by 
Mr. J. W. Salter in 1857,^ who gave a list of fourteen species, two of 
them being Ammonites doubtfully referred to — Am. SelHguinns^ Brong., 
and Am. Failletianus^ d’Orb. Four of the others he describes as new 
species, and from the remaining six he comes to the conclusion that the 
fauna is of Upper Greensand age. 

From ISbT to LSOG no further light was thrown on the subject, but in 
the latter year some of the fossils collected by Messrs. INlitchell and Inscli 
were submitted to Messrs. Sharman and Newton, who made a careful 
examination of them, and communicated the results to the ‘Geological 
Magazine.’*'^ They compared these fossils with the specimens described by 
8alter, which arc preserved in the iVluseum of Practical Geology, and 
found the matrix to be the same. They also state that though slight 
differences are noticeable in different pieces of the rock, yet all the samples 
are ‘so similar that one can scarcely (question therr ha\ing been originally 
derived from the same bed.’ 

They found, however, that many of the fossils could not be identified 
with any Upper Greensand species, but were Lower Cretaceous forms, 
many of them identical with those occurring in the Speeton Clay. They 
admitted, however, a few species which occur in the Upper Cretaceou.s 
series only, and have not been found in any British Lower Cretaceous 
deposit. Hence they conclude ‘ that the faunas which in the south mark 
the distinct horizons of Lower Greensand, Gault, and Upper Greensand 
are here in Aberdeenshire included in one bed of nearly uniform character 
throughout.’ This conclusion certainly invested the Moreseat fossils with 
still greater interest than they possessed before. 

A collection of the fossils was sent to me by the Rev. John Milne in 
September 189G, but it was impossible for me to examine them in time to 
report on them before the meeting of the British Association in that year. 
I have since, however, given them careful attention, and have received 
much assistance from Messrs. Sharman and Newton, whose previous 
acquaintance with many of the species has saved me much time and 
labour. 

It is not an easy task to identify these Moreseat fossils, for they are 

‘ Phil. vol. xxxviii. p. (1860). 

* Quart. Journ. Qeol. Soa.., vol. xiii. p. 83. 

• Geol. Mag.t Dec. 4, vol. iii. p. 247. 
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all in the state of casts and impressions. In no case does any actual shell 
or test remain, but the firmness of the rock has in most cases prevented 
the enveloping matrix from being pressed down on to the internal cast, so 
that the external cover generally retains the shape and impression of the 
original shell, and a mould can, if necessary, be taken from it. The 
fossils had been carefully collected, and as both casts and covers had been 
transmitted, it has been possible to determine many of the species. 

Before discussing the species, however, the rock itself merits descrip- 
tion, for its peculiar characters seem to have escaped previous observers. 
To the eye it presents itself as a very fine-grained siliceous rock, resem- 
bling malmstone, dark grey when damp and freshly broken, drying to a 
lighter grey. Fractured surfaces often show spots and patches of darker 
material than the rest of the mass. Under the lens it showed a finely- 
granular matrix, containing many small grains of glauconite, and numerous 
flakes of mica, with small patches of a yellowish-green mineral which is 
apparently a decomposition product. 

The general aspect and light specific gravity of the rock led me to 
suspect the presence of colloid silica, and accordingly I sent specimens to 
Mr. W. Hill, F.G.S., for microscopical examination. Mr. Hill cut slices 
from two of these, and furnishes me with the following account of the 
structure exhibited by them : — ‘The material of both slides is alike, and 
compares most nearly with the micaceous sandstone of Devizes (Upper 
Greensand). The ground mass consists of amorphous and semi-granular 
silica, neutral to polarised light, with little or no calcite. There are 
many sponge spicules, the walls of which have mostly disappeared, but 
which are outlined in the matrix. The space once occupied by the spicule 
is often partly filled with globules of colloid silica, like those described 
by Dr. Hinde in malmstone, and similar globules are dispersed through 
the mass of the rock. There is much quartz sand in small, angular, even- 
sized grains, but not so much as in Devizes sandstone. Glauconite grains 
are also abundant, but the quantity varies much in different parts of the 
rock y the grains seem to be breaking up, and are often seamed with vein- 
like markings. There are also larger patches of dirty-green material, 
which has a somewhat indefinite outline, and may be of secondary forma- 
tion. Small flakes of mica are scattered through the slides, but it is only 
when these are cut transversely that the mineral can be easily identified.' 

From the above description it will be seen that the rock may be 
termed a ^aize — that is, a fine-grained sandstone, in which colloid silica is 
an important ingredient ; this is not a common rock, and in England it is 
only known as occurring in the Upper Greensand in association with 
malmstone. In France a gaizeof Lower Gault age, containing AmmorMe.^ 
mammillatus and Am. interruptus, occurs in the Ardennes (Draize), but I 
can find no record of the rock occurring in the Lower Cretaceous series 
either in France or Germany. 

The formation of gaize and malmstone probably took place in clear 
water of a moderate depth ; it is not a shallow water deposit, and yet it 
was deposited within the range of a current which carried fine sand. The 
abundance of sponge spicules shows that the conditions were such as to 
favour the growth of siliceous sponges. 

Remarks on some of the Fossils, 

The collection sent to me includes som6 species which have not 
yet been recorded from the Moresoat rock, and as these are all Lower 
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Cretaceous forms, the Yectian element in the fauna is clearly very strong 
— so strong indeed that I am led to doubt the existence of some of the Upper 
Cretaceous species which have been supposed to occur. I therefore offer 
some remarks on certain species, and give a complete revised list of the 
Moreseat fauna, so far as it is at present known. 

Micrabacia coronula^ Goldf. — This identification requires confirmation. 
It depends solely on Salter’s authority, for the specimen he saw is not in 
the Jermyn Street Museum, and no other specimen has been detected in 
the collections recently made. The species is not known to occur below 
the Upper Greensand (zone of Pecten asper), and would be difficult to recog- 
nise from a cast only. 

Echinoconus castanea^ Brong. — This also requires confirmation, for the 
specimen so named by Mr. Salter has not been found at Jermyn Street, 
and no other example has been seen. In England its earliest appearance 
is near the top of the Upper Greensand, but in Switzerland it ranges down 
to the base of the Gault (see de Loriol in Echinologie Helvetique), so 
that it may in some localities range even lower. No species of Echino- 
conus, however, has yet been recorded from rocks of Lower Cretaceous 
ago. 

Discoidm decorafa (f), Uesor. — This specimen was among those sent by 
Mr. Milne. It consists of a nearly perfect external mould in two parts. 
It diffi^rs from D. subucidns in having close-set rows of nearly even-sized 
tubercles ; eight rows on the interambulacral areas, four on each set of 
plates j and four rows on the ambulacral areas, but the two inner rows do 
not reach either to the apex or to the peristome. The mouth and vent 
are both rather large. In these respects it agrees with E. decorat a. 

Ml-. C. J. A. Meyer having informed me that he possessed specimens 
of a Discoidea from the Vectian of Hythe, the Moreseat specimen was 
.sent to him for comparison. He reports that it agrees with those from 
Hythe, but he is doubtful whether they are referable to D. decorata^ Uesor, 
or D. macropyfja>, Ag. Both are Lower Cretaceous species. 

lihyiichonella compi'ei^m . — The specimen so named by Salter is at 
Jermyn Street, and has been examined again by Messrs. Sharman and 
Newton, with the result that they tliink it is only a compressed variety of 
Mh. sulcata. 

Waldheiinia faba^ d’Orb. (non Sow.). — This being only a cast and the 
shell being smooth, one cannot be quite sure of the species, but the shape 
is well preserved, and I am indebted to Mr. Meyer for pointing out that 
it has the squareness toward the front which is characteristic of the species 
in question. This is well shown in the example figured by Uavidson 
(‘ Cret. Brach.’ Yol. iv., PI. vi., f. 12-14), which came from the Speeton 
Clay of Knaptori in Yorkshire. 

Lima semisulcata, Sow. — This species has appeared in previous lists 
on the authority of Mr. Salter, but the .specimen is in the Jermyn Street 
Museum, and Mr. Newton informs me that it is only an internal cast, and 
may, with equal probability, be referred to L. Dupiniana. As specimens 
of the latter do occur, and none referable to L. semisulcata have since been 
found, I think this Upper Cretaceous species may be omitted from 
the list. 

Area seeurisy d’Orb. — I have ventured to enter the common Area of 
the Moreseat sandstone under the name of' securis instead of under cari- 
natu^ because the specimens I have examined seem to me to come nearer 
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to securis, and Mr. Meyer, to whom a specimen was sent, is of the same 
opinion. The two species are so closely allied that some palaiontologists 
regard them as identical ; but there are slight differences, and Messrs. 
Sharman and Newton agree with me in considering the Moreseat speci- 
mens to bo smaller and shallower in the valve than the ordinary A. cari- 
nata of the Upper Greensand ; and in these respects they resemble 
A, securis. In some of them, moreover, the ribs on the posterior area are 
like those in d’Orbigny’s figure of securis ; so that, if the forms are sepa- 
rable, I think these should be listed as securis. 

Lada scapha (?), d’Orb. — I have seen two casts which probably belong 
to this species, though they equally resemble L. Mar 'ite of the Gault, for, 
as Mr. Gardner has remarked, there is very little difference between these 
species. 

PectuncnJus umhonatus^ Sow. — This is another of Mr. Salterns identi- 
fications, and unfortunately it also is only an internal cast. There are 
several species of Pectunculus to which such a cast might belong, but the 
probabilities are against its being P. mnhonatus. As no other specimen 
has occurred among the fossils recently collected, it will be best to leave 
it without a specific name for the present. 

Turhoy like Goupilianus, d’Orb. — There is one specimen, a portion of 
the external impression of the shell, showing an ornamentation resembling 
that of Turbo Goupillanusj which is a Cenomanian species. This speci- 
men, however, was sent to Mr. Meyer, who informs me that he has an 
imperfect specimen from the Vectian of the Isle of Wight which it equally 
resembles. 

Ammonites flexisulcatus (?), d'Orb. — A small Ammonite was found in 
breaking up a lump of the material sent to me, and was forwarded, with 
other specimens, to Messrs. Sharman and Newton. They reported that it 
most resembles A. flexisulcatus ^ though the portion preserved is smooth 
and without sulcations. 

Nautilus sp,^ Sow. — Among the fossils sent me by Mr. Milne is the 
cast of a Nautilus, badly preserved, but showing strong transverse rugations 
or ribs like those of N. radiatus^ but its condition is such as to prevent 
any certainty of identification. Mr. A. H. Foord has kindly examined the 
specimen, but could not venture to name it. 
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It only remains to indicate the conclusion to which the study of the 
Moreseat fossils has led me. 

Of the species enumerated by Mr. Salter in 1857 four have been 
omitted from the preceding list, being regarded as doubtful identifications 
which have not been confirmed by subsequent discoveries. Of the three 
genera of Echinoderms mentioned by him the Discoidea was probably the 
species which resembles D. decor ata^ and the two ifll-med respectively 
Diadema and Ananchytes may have been Lower Greensand forms for 
anything that we know to the contrary. 

The number of named species available for comparison with other 
faunas is now 32. Out of this total no fewer than 24 are species of Lower 
Cretaceous age, and only 6 of these range into the Gault ; 5 are species 
which have not been found elsewhere, 2 are Upper Greensand species, but 
1 of these is a doubtful determination, and 1 is an Ammonite, of which the 
identification is also doubtful. There is therefore an overwhelming pro- 
portion of exclusively Lower Cretaceous species, namely, 18 to 2, while out 
of the 6 Cephalopods 5 are exclusively Lower Cretaceous forms, the only 
one which is not being the very doubtful Am, selliguinus. 

The occurrence of one Upper Greensand echinoderm {Echinocyphus 
diffiedis), and the possible occurrence of another ranging from Lower 
Gault to Chalk (Echinoconus caatanea (?) ) is hardly sufficient evidence to 
warrant the conclusion that a part of the rock-mass was of Upper Gr(*en- 
sand age. There is nothing except the possible Am. selliguinus that is 
specially characteristic of the Gault, and the question then arises, — what is 
the evidential value of the occurrence of Echinocyphus difficilis^ and possibly 
also of Echinoconus castanea ? T think it may be answered in this way : 
it is more reasonable to suppose that these two species, or forms very closely 
allied to them, date really from Lower Cretaceous times, than it is to 
suppose the deposition of exactly the same kind of rock material should 
hav’e continued at any one place from the time of the Lower Greensand to 
that of the Upper Greensand. In other words, I believe that the rock- 
mass from which the Moreseat fossils have been derived was entirely a 
Lower Cretaceous rock, but high in that series, and corresponding approxi- 
mately to the Aptien stage of Prance, and to the Lower Greensand or 
Vectian of the Isle of Wight. 


Singajjore Caves. — laferini llrpnrl of the Committee, consisting of Sir 
W. H. Flower (Chahmian), Mr. H. N. Ridley (Hecreiary), T)r. 
R. Hanitsch, Mr. Clement Reid, ami Dr. A. Russel Wallace, 
ap])omted to explore certain caves near Singapore, and to collect their 
living and. extinct Fauna. 

The Committee has received from Mr. Ridley an account of a preliminary 
examination of the caves of Kwala Hum pur, and also notes on the animals 
now inhabiting them. At the time of writing Mr. Ridley expected soon 
to be able to pay another visit, and to use gunpowder to break up the 
massive stalagmite. A first attempt to explore the cave d(;posits was not 
successful, as dynamite was used and proved unsuitable for the i>urposo. 
It will perhaps be better to reserve an account of the living cave fauna 
till fuller collections liave been made and the specimens have all been 
determined. The Committee asks for re-appointment and the renewal of 
the unexpended balance of the grant. 
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§ I. 1889-1892. Anomalous Silurian Phyllopods (?) from Germany and 
America. — In the * Sitz.-Ber. Gesell. naturf. Freunde zu Berlin, M890, 
p. 28, Dr. A. Krause described a small fossil carapace of doubtful alliance, 
but possibly related to the Phyllopods, from the North-German gravel of 
Scandinavian Beyrichia-lirnestone (Upper Silurian). In the ‘Zeitsch. 
Deutsch. (tJcoI. Gesel .,’ vol. xliv. 1892, p. 397, pi. xxii., figs. 19 ct-c, Dr. 
A. Krause redescribea and figured this anomalous little fossil. 

Its lateral moieties are 'lot free, separate valves, but united by an 
antero-dorsal suture for a tbits’ of its length, and by an an tero- ventral 
sutur(3 for half of its length, the posterior region remaining open at the 
edges. It also shows in front a round aperture, with a sulcus formed by 
the somewhat inverted edges below it. The test is nearly oval and com- 
pressed ; thickest and subacute in front ; bearing a small, low, subcentral 
swelling. The surface has some reticulate ornament along the margins 
for the most part, succeeded by linear, radiating, and concentric sculpture 
towards the more convex area, which is finely punctate. It is 6 mm. 
long, 4 mm. high, and 1*5 mm. thick. 

In S. A. Miller’s ‘ North- American Geology and Palaeontology,’ 2iid 
edition, 1889, p. 549, fig. 1009, an allied form is described and figured as 
Fabcria aiioinala^ n. .sp. et gen., from the Hudson-River group, Ohio 
(Lower Silurian). This has evidently some analogy to the foregoing 
Upper Silurian form. It has a compressed, ovoidal, smooth shell, con- 
sisting of two moieties, partially sutured above and below, and is rather 
smaller than the Gorman specimen. 

§ IT. 1885-1894. Cambrian Phyllopoda (?).— Dr. G. F. Matthew, of 
St. John, New Brunswick, has discovered several very small organisms 
in the Cambrian rocks of North-Eastern America, some of which he 
regards, with doubt, as having been carapace -valves of Phyllopodous 
Crustaceans. He has described and figured them in the ‘ Transactions of 
the Royal Society of Canada.’ 

To this group of small subtriangular valve-like bodies, obliquely semi- 
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circular or semi-elliptical, with straight, hinge-line and more or less definite 
umbo, belong (1) Lejnditta alata, M., ‘Tr. R. S., Can.,^ vol. iii. 1885, 
sect. 4, p. 61, pi. vi., figs. 16, 16a ; (2) L. curta^ M., p. 62, pi. vi., 
fig. 17 ; (3) Lp.jndilla anomala, M., p. 62, pi. vi., figs. 18, 18 a, h, c ; (4) 
Lepiditta sigillata^ M., vol. xi. 1894, sect. 4, p. 99, pi. xvii., fig. 1 ; (5) 

L. anriculata^ M., p. 99, pi. xvii., figs. 2, 2 a, h. Some of these were re- 
ferred to by us in the Sixth Report (for 1888), p. 174. 

§ III. 1889. Ehachura venosa^ Scudder, 1878, ‘Proceed. Boston 
Soc. Nat. Hist.,’ vol. xix. p. 296, pi. ix., figs. 3, 3a (referred to in our 
Report for 1883, p. 216). Hr. A. S. Packard, having received from 

M. Gurley some imperfect specimens found in the Middle Coal-measures, 
Danville, Illinois, describes them as being parts of a carapace, probably a 
little over three inches long, and three caudal spines, also rather obscure 
(‘ Proceed. Boston Soc. Nat. Hist,,’ vol. xxiv. 1889, pp. 212, 213). 

§ IV. 1893. Eliinocarls cohnnhinn. — Mr. J. M. Clarke has contri- 
buted a paper ‘ On the Structure of the Carapace in the Devonian Crusta- 
cean lihhiocaris, and the relation of the Genus to Mesotliyra and the 
Phyllocarida^’ with illustrative cuts, published in the ‘ American Natural- 
ist,’ September 1, 1893, pp. 793-801. The carapace-valves of Rhinocaris 
columhina (J. M. C., ‘ Palseont. New York,’ vol. vii. 1888, pp. Iviii. and 
195-197) are described from better specimens, which show it to be a 
bivalved (not univalvcd) form, and as having a narrow, median plate, of 
which there is evidence in Mesothyra, making a double dorsal suture. 
There is also a long, narrow, leaf-like rostrum inserted between the valves 
in front. The relationship of this form with Mesotliyra and Tropidocaris 
is dwelt upon. The author thinks that Dithyrocaris and Emmelezoe have 
some afiinity with it. Rhinocaris and Mesotliyra are regarded as typical 
members of the family Rhinocaridec, We may mention that Dr. Matthew 
regards his Ceratiocaris pusilla from the Silurian of New Brunswick (see 
‘Trans. Roy. Soc., Canada,’ vol. vi. 1888, sect. 4, p. 56, pi. iv., lig. 2 ; and 
our Seventh Report (for 1889), p. 64, as Rhinocaris. 

§ V. 1895. Emmelezoe lAndsiroemi. — Since our Twelfth Report, 
presented to the British Association at Ipswich in 1895, the Swedish 
Phyllocarids mentioned in that Report as having been found by Dr. 
Gustav Lindstrom in the Upper Silurian beds at Lau, Gotliland, have 
been duly described and figured in the ‘ Geological Magazine,’ decade 4, 
vol. ii.. No. 378 ; December, 1895, pp. 510, 541, pi xv., figs. 2a 2r?, as 
Emmelezoe Lindstroemi^ J. h W. The fish remains {Cyathaspis) and other 
fossils associated with it are mentioned in detail by G. Lindstrom in the 
‘Bihang till K. Svensk. Vet.-Akad. Handl.’ vol. xxi. part 4, No. 3, 1895, 

pp. 11, 12. 

Mr. J. M. Clarke has suggested at p. 801 of his memoir mentioned in 
§ IV. that the oculate genus Emmelezoe may have some relationship to- 
the group to which Rhinocaris belongs. 

§ VI. 1895. Pinnocaris Lajnmrthi. — This genus, represented by its 
only known species, P, Lapworthi, has been carefully examined by 
Woodward and Jones, and several specimens described, selected from a 
large number in Mrs. Robert Gray’s collection at Edinburgh. This 
memoir appeared in the ‘ Geological Magazine,’ decade 4, vol. ii. 1895, 
pp. 542-51:5^ pi. XV., figs. 5-10. Excepting one specimen from the 
Upper Silurian of Kendal, We.stmorland, all the known specimens are 
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from the Lower Silurian of Girvan, Ayrshire, where Mrs. Gray has made 
a large collection. 

The peculiar ‘ corded ’ dorsal margin of the valves may have reference 
to some longitudinal, narrow, intermediate ligament or plate, as in 
Mhinocaris and Mesothyra. 

§ VIT. 1895. A new species of Ceratiocaris {C . reticosa, J. ct' W.), 
preserved in the Museum of the Geological Survey, was described in the 
‘Geological Magazine,’ decade 4, 1895, vol. ii. pp. 539, 540, pi. xv., 
figs. 1«, 16. It is from the Silurian beds of Ludlow, Shropshire, and is 
allied to C. cassioides, from that locality. Traces of a peculiar reticulate 
sculpture constitute its distinguishing feature. 

§ VIIT. 1895. Lingulocaris, — In the same number (318) of the 
‘ Geological Magazine,’ 1895, at pp. 541, 542, a specimen of Linyiilocaris 
Unguhvcoinps^ Salter, belonging to the Rev. G. C. II. Pollen, S.J., F.G.S., 
was figured and described. It came from Capel Arthog, North Wales, 
probably from the Ffestiniog or middle division of the Lingula-flags. 
Hence we may add ‘ Lingulocaris ’ to ‘ llymmocaris ’ for that formation 
at p. 425 of our Twelftli Report (fifth line from the bottom). 

§ IX. 1896. Devonian species of Cpratiocaris (?). — In the ‘ Monograph 
of the Devonian Fauna of the South of England,’ Paheont. Soc., vol. hi. 
part 1, 1896, the Rev. G. F. Whidborne describes and figures three obscure 
casts of Cei'atlocaris^ one, C. (?) subgiiadrata^ sp. nov., p. 7, pi. i., fig. 5, 
from East Anstey ; another, Ceratiocaris (?) sp., p. 8, pi. i., fig. 6, from 
Sloly \ and the third, somewhat indistinct specimen, namely, Ceratio- 
caris (?), sp., p. 8, pi. ii., fig. 12, from Croyde. 

§ X. 1896. Entomocaris and Ceratiocaris, — A collection of Ceratio- 
caris-like Crustaceans from the Lower ITelderberg Formation (LTppor 
Silurian), near Waubeka, Wisconsin, has afforded Mr. R. P. Whitfield, 
of the American Natural-History Museum, New York, the opportunity 
of determining two new species of C eratiocaHs^ and a new genus {Ento- 
mocaris)^ allied to Ceratiocaris, but differing from it by tht* carapace- valves 
being ‘strongly curved in front and behind on the dorsal margin,’ and by 
the posterior margin not being truncate, as in Ceratiocaris, but obtusely 
rounded. Entomocaris Tclleri, Whitfield (p. 300), is figured in pi. xii., 
of full size, but slightly distorted by pressure. Including the four exposed 
body- segments and the trifid appendage, it is about 21 centimetres 
(about 8 inches) long; and the valves are about 13.\ centimetres long 
by about 6^ high. Home indications of the swimming-feet attached ta 
the body are visible where one valve has been partially broken away from 
the internal cast. Htmie mandibles, supposed to belong to this species, are 
shown in pi. xiv., figs. 1,2; and the caudal appendages in fig. 9. 

Ceratiocaris Monroei, Whitfield (p. 301, pi. xiii., figs. 1-5, and pi. xiv., 
figs. 3-8), is carefully described from one nearly perfect and an imperfect 
specimen, together with body-segments, caudal appendages, and some 
mandibles. The carapace-valves seem to have been about 7?y centimetres 
long and 4 high. 

Ceratiocaris jwdariformis, Wliitfield (p. 302, pi. xiv., fig. 10), is 
represented by a small specimen of abdominal segments and caudal spines. 

§ XI. 1896 Echinocaris Whidhornei, J. and W., noticed in our 
Seventh Report (for 1889), p. 63, has been redescribed and refigured by 
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the Rev. G. F. Whidborne in the * Monogr. Devonian Fauna, S. England,* 
Pal. Soc., vol. iii. part 1, 1896, p. 6, pi. i., fig. 3. 

Within the last few months Ananda K. Coomdry-Swdmy, Esq., of 
Warplesdon, has fortunately obtained a very interesting specimen of this 
Echinocaris from the Sloly mudstone, showing, on the two counterparts 
of the little split slab, two individuals, each having the same characters as 
the specimen first described in the ‘ Geological Magazine,’ decade 3, vol. vi. 
1889, p. 385, pi. xi., fig. 1. Though rather narrowed by oblique pressure, 
the valves are equal in breadth to those of the first specimen. An addi- 
tional feature of interest is seen in some body-segments, five in one 
individual and three in the other. In each case, though the series cf 
segments is not complete either at beginning or end, they are characteristic- 
ally like those of Echinocarisy the distal edges bearing tubercles, the 
equivalents of spinules. 

§ XII. 1896. Caryocaris . — In the ‘Journal of Geology,* Chicago, 
vol. iv. 1896, p. 85, Dr. R. R. Gurley has described Caryocaris as the 
‘ lateral appendages ’ of the ‘polypary ’ of a Graptolite ! Caryocaris was 
referred to by us in the First and Seventh Reports (for 1883 and 1891), 
and was described in detail and figured in the ‘ Monogr. Brit. Pala'oz. 
Phyllocarida,’ Pal. Soc., 1892, p. 89 et seq.y pi. xiv., figs. 11-18. 

§ XIII. 1897. A new locality in Nova Scotia has been determined by 
Sir William Dawson for Estheria Dav'soniy namely East Branch, East 
River, Pictou County, Lower Carboniferous. Several casts and impres- 
sions of small valves, not more than two millimetres long, occur on the 
bed-planes of a dark-red Lower-Carboniferous shale. Former occurrences 
of this species were noticed in our Report (Eleventh) for 1894. 


Irisli Elk liemains. — Beport of the (Jommiitee, conslsthuf of Professor 
W. Boyd Dawkins (Chninnan), his Honour Deemster Gill, 
Mr. G. W. Lamplugii, Rev. E. B. SAVAciE, and Mr. P. M. C. 
Kermode (Seci'etary), a 2 >poinicd to examine the Conditions under 
v'hich remains of the Irish Elk are found in the Isle of Man, 

As the elk remains in the Isle of Man have only been met with in 
curragh lands where it is not possible to excavate for them till the later 
part of summer (unless in an unusually dry season), the Committee have 
not been able to accomplish much before July 1, by which date the report 
is presented. 

An attempt was made in the first place to examine the spot at 
Ballaugh where the skeleton, now set up in Edinburgh Museum, was 
found in 1819.^ 

This was in the Loughan-ruy, on the farm of Ballaterson, eastward of 
the Parish Church, Ballaugh. It is one of several shallow depressions in 
a drift gravel platform, and measures about 120 yards by 40. It lies 
about 50 yards west of the Ballacrye Road, leading from the highway to 
the seashore, and has a boundary fence across the pool at its southern 
end (Ordnance Sheet, iv. 10 (825)). 


‘ See Profc'^sor Owen, British Association Beport, 1843, p. 237. 
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Permission having been obtained from the proprietor and occupier of 
the land, some trial excavations were made on May 13 and 14, but the 
water prevented our sinking to any depth except at the edge (S.W.) of 
the hollow, where we penetrated to over 7 feet with the following 
results ; — 


Loiighan-ruy Balfaterson^ Ballaiigli. 



Thickness 

Depth 


of bed 

from burface 


Ft. in. 

Ft. in. 

A. Peat 

. 1 6 

1 6 

B. Sand, yellow 

. 1 0 

2 6 

C. Sandy silt, grey (with Sallx herhacea 

and 


Lepidurm (^Apu%) glacialis) . 

. 2 r> 

5 0 

D. Loamy peat 

. 0 8 

5 8 

E. Gravel 

. 1 0 

6 8 

F. Marl (‘ Chara Marl ’) .... 

0 4 

7 0 

G. Sharp sand and gravel .... 

0 () and more. 


Depth excavated . . , .70 

Examples from these different beds were forwarded to the officers of 
the Geological Survey for examination, and we are indebted to Mr. J ames 
Bennie, of Edinburgh, who undertook the laborious washing and sorting 
of the material, and to Mr. Clement Reid for his report upon them, which 
we append. 

On J une 2 1 further excavations were attemi^ted across the bed of the 
pool, but the inflowing water prevented any results ; nor is it expected 
that the necessary depth can be attained till the end of July or 
the middle of August. It is hoped that further work will have been 
possible before the meeting of the Association, although the results cannot 
be attained in time to incorporate with this report.^ 

The Committee ask for reappointment. They propose to excavate in 
the autumn at Loughan ruy to the full depth of about 18 feet, at which 
the Edinburgh specimen was found. The bones were apparently obtained 
from the marl represented by the bed F of our section, this marl 
evidently thinning off towards the edge of the hollow. Many skulls, 
bones, and antlers are said to have been left. The Committee propose 
also to excavate at Kentraugh, in the south of the island, where antlers 
have been met with ; and at Ballalough, near St. John’s, and elsewhere, 
where remains have been reported, with the hope of discovering such 
remains in slfn, so that a full examination of the accompanying fauna and 
flora may be obtained. 

It will be seen that the results of this examination are of considerable 
importance. The little Arctic crustacean gJacialis was first 

found in the Isle of Man two or throe years ago in the peaty material 
obtained from a well on the gravel platform at Kirk Michael,^ and had 
not hitherto been discovered so far southw'ard in Great Britain. In that 
instance the conditions wei’e unfavourable iox the investigation of the 
deposit which contained it, so that our discovery of its remains at Loughan- 

* Such further work at Ballalough, near Peel, has proved successful, a fairly 
perfect skeleton— with, however, the skull missing and some of the bones decayed — 
having been unearthed. Full details will be given in our next year’s Report. — 
October 1897. 

^ Annnal Beport of Geological Survey for 1895, p. 13. 



348 


REPORT — 1897. 


ruy, associated, as at Kirk Michael, with Salix hcrhacca, will afford an 
opportunity for a closer study of the conditions under whicli it occurs. 
As Mr. Reid points out, it is especially desirable to investigate the 
relations of this Ai’ctic fauna to the beds containing the elk remains. 

The following is Mr. Clement llekPs report : — 

‘‘The following species of plants and animals were obtained on wash- 
ing samples of the deposits. Beds C, D, find F are all worthy of closer 
examination ; for it is important to ascertain whether there is any 
evidence in the Isle of IMan of a mild period after the melting of the ice, 
and before the deposition of the bed with Arctic willows. If the shell - 
marl (F) containing the Mrgaceros remains was formed during a mild 
interval, the complete disappearance of the Irish elk, so difficult to under* 
stand, may he due to cold or to scarcity of food during a less genial 
period. This point has never been cleared up in Ireland, notwithstanding 
the jiumerous remains of the Irish elk that have there been obtained. 

Bed A. 

Ranunculus flammiila, Z. I Jlydrocotylo ^ ulgaiis, />. 

Potentilla tormentilla, L. j l‘otaaiogeton. sp 

‘‘ Also caddis cases and eggs of insects. 

“ The plants are all common Isle of Man specii's. 

Bod C. 

Poterium oflicinale. I Moss. 

Salix herbacea, L. I Lepidurus (.\pus) glacialis. 

Carex, sp. | Daphne (winter eggs). 

Schoenus ? j 

“Numerous leaves of the dwarf Arctic willow S(dir Jie/rbacea and frag- 
ments of the Arctic crustacean Aptifi glacialis, neither of them now 
living in the Isle of Man, point to climatic conditions considerably more 
severe than tliose now holding in the district. 


Ranunculus aquatilis, Z. 
„ flammula, L. 
„ repens, Z. 
Littorella lacustris, Z. 


BoaI D. 

I Potamogeton ciispu*', Z. 
j Carex. 
j Chaia. 

j Beetle (elytron). 


“The plants are widely distributed species still living in the Isle of 
Man. lAttorella is usually northern. 


Bed F. 

Ranunculus aquatilis, Z. 1 Cliara, 2 aji. 

„ flammula, Z. j Insect remains. 

“ This marl thus far lias yielded nothing to indicate the climatic con- 
ditions.” 
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Urmtlo Bloclis of tho British Isles, — Second Report of the Committee j 
consistimj of Professor E. Hull (Ctudrman), Professor 'J'. G. 
Bonney, Mr. P. F. Kendall (Secretary)^ Mr. C. E. De Panc e, 
Professor W. J. SoLLAS, Mr. R. H. TiddexMAN, Rev. S. N. Har- 
rison, Mr. J. Horne, ]\!r. Hucald Bell, Mr. F. M. Burton, and 
]\[r. J. Lomas, to investiyate the Erratic Blocks of the British Isles 
and to take measures for their preser cation. 

The operations of the Committee during the year have been less pro- 
ductive of immediate results than was anticipated. 

The number of ])()uldei*s recorded has been small, but several facts of 
great interest have been l)rought to light. Tlie diminution is due princi- 
pally to the fact that a large section of the work which is carried out in 
Yorkshire, viz., the enumt‘ration of the boulders on the coast of Holderness, 
lias been cai’ried to virtual completion, but other contributory causes have 
been the inability of the Secretary to devote so large an amount of time as 
he had hoped to the work of the Committee, and the severe loss sustained 
l)y the Yorkshire Boulder Committee in the death of their most capable 
and active Honorary Secretary, Mr. Thomas Tate, F.G.S. The respective 
secretaries of the Lincolnshire Boulder Committee and the Geological 
Section of the Belfast Naturalists’ Field Club have been unable to prepare 
their reports in time for publication tliis year. 

Tlie first feature of importance to be noticed is the large number of 
additional records of Shap granite boulders ; the occurrence of this rock 
in Weardale is interesting, as showing the broadening of the area of dis- 
persion after the Pennine Chain was crossed. 

Dr. Ricketts’ observation of many pebbles of Serpentine at Birkenhead 
is remarkable, as only one fragment of that petrological type appears to 
have been observeil previously in the area of Lancashire and Cheshire. 

The occurrence of pebbles of chalk and flint in North-Western 
Nottinghamshire is a fact of importance, and may perhaps be taken to 
indicate an extension of the chalky Boulder-clay. 

The Noblethorpe erratic belongs evidently to the same dispersion as 
file remarkable group of erratics in the Koyston district, reported upon 
two years ago, but it is several miles further west than any boulders 
previously recorded in the district. 

Some noteworthy additions are made to our knowledge of the distri- 
bution of the now well-known Norwegian rocks, the Augite- syenite of 
Laurvik, and the Rhomb-porphyries of the Christiania district. Mr. 
Kendall has found the former at Saltburn and the latter at Staithes, 
those being the most northerly stations at which they have been found. 
Both were beach pebbles, but the travel of beaches on that coast is from 
north to south, so there is no fear of their being wrongly ascribed to a 
position to northward of their original locus as boulders. 

Mr. Stather has found both rocks as boulders in situ in a lower bed of 
Boulder-clay at Louth in Lincolnshire. 

Far exceeding this in interest, however, is the recognition by an 
eminent Swedish geologist. Dr. Munthe, of two rocks in Mr. Stather’s 
collection, whose place of origin is on the shores of the Baltic. A disposi- 
tion has been manifested to assume that, because the only Scandinavian 
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rocks that have been definitely identified among the erratics of our East 
Coast were from the neighbourhood of Christiania, none from other 
localities existed ; this fortunate discovery shows that assumption to 
have been unwarranted. 

The investigations of Mr. Stather have brought out the remarkable 
fact that the chalk Belemnitellae found in the Yorkshire drift are referable 
to a species which has never been found in the Chalk of the district. This 
fact is cf great significance. 


Cheshire. 

Reported by Dr. C. Ricketts, J/.D., F.(/.S.y per Glacialista’ Association. 

Birkenhead^ Price Street — 

14 small pebbles of serpentine. 

Durham. 

Reported by Dr. R. Taylor Manson. 

Bishop Auckland Parky beside a small tributary of the River Gaunless — 

1 Shap granite (now removed to the garden of Mr. R. Nelson, J.P.). 

Etherleyy Flashes Farm — 

1 ISliap granite (Mr. Nelson states that it is generally supposed to have been 
brought from the Tees for use in a cheese-press. Another boulder on 
the same farm is known to have been brought from Towlcr Hill, near 
Barnard Castle). 


Lincolnshire. 

Reported by Mr. J. W. Stather, F.G.S. 

Louthy Brick-pit in James Street. — A section 50 feet in depth show.s 
two distinct superposed beds of Boulder-clay ; in the lower, 20 feet, 
besides many well striated boulders of Mountain Limestone : — 

1 Augite-syenite (Laurvikite) ; 

1 Rhomb- poqjhyry. (Both of these were found actually embedded in the 
clay.) 

Nottinghamshire. 

Reported by Mr. H. H. CoRBETT, M.R.C.S. 

Harworthy near Bawiry. — In the lower beds of clay at the Brickyard 
fragments of chalk and flint occur. 

In a gravel pit between Harworth and Bawtry the stones are almost 
exclusively Triassic quartzite pebbles, but at the base, resting on Triassic 
sandstone, are large boulders of Magnesian Limestone containing Axinus. 

Yorkshire.' 

Communicated by the Yorkshire Boulder Committee. 

Reported by Rev. C. T. Pratt. 

Banks BottomSy Nohlethorpe — 

1 Cleaved volcanic ash (probably Lake District), now removed to the 
entrance to the Museum at Cawthome. 

* This report will be published in extenso in the Naturalist. 
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Reported hy Dr. J. Tempest Anderson. 

High Borough {Roman Camp')^ near Grosmont, 345 feet above 0,D . — 

1 Shap granite. Now removed to Grosmont Churchyard. 

Reported hy Mr. W. Gregson, F.G,S, 

Cotherstone, 3 miles jV.JV, of Barnard Castle, about 600 feet above O.D . — 

1 Shap granite. 

Whashton, midway between Richmond and Barnard Castle, about 700i 
feet above O.D . — 

1 Shap granite. 

Reported by Mr. H. II. Corbett, M.R.C.S, 

Cutworth and Sprotborough — 

1 Shap granite; 2 orthoclase-porphyrics ; .3 diorites; .3 basalts ; 1 carboni- 
ferous grit ; 1 weathered granite ; 1 mountain limestone. 

Balby . — At the Balby Brickworks — • 

1 basalt ; 1 granopliyre ; 2 granites ; 1 gneis.s ; 1 volcanic agglomerate ; I 
q uartz -porphyry . 

Doncaster, — Found in excavating beliind the Old Free Library — 

1 basalt. 


Claro Ilill — 


Reported hy Mr. J. FARiiAii. 


2 Shap granites. Now removed to tlie entrance to tlm Workhouse at Marton 
cum- Grafton. 


Reported by Mr. P. F. Kendall, F.G.S, 

Saltbilrn — 

1 Augite-syenite (Laurvikite). 

Staithes — 

1 Rhomb-porpliyry. These two erratics were found as pebbles on tlie beach ; 
they are the most northerly occurrences of the respective rocks. 


Reported by the Hull Geological Society, 

By Mr. F. F. Walton, F.G.S. 

Scarborough . — In drift 12 feet from the surface of the scarped cliff 
at Castlefield — 

1 Estuarine sandstone. 


By Mr. J. W. Statiier, F.G.S. 

Ilolderness—Jyv. Munthe of Upsala University recognised in Mr. 
Stather’s collection from the Boulder-clay of Holderness two rocks from 
localities adjacent to the Baltic — 

1 * Post- Archman granite ’ from Angermanland or Aland, Sweden ; 1 Halle- 
flinta (? from Smaland, Sweden). 

Holderness and South Ferriby — The Clialk belemnites which are fairly 
common in the Boulder-clays here have been determined by Mr. J ukes 
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Browne as BelemnltelJa lanceolata (Scliloth). This belemnite is not 
recorded from the Yorkshire Chalk, but B. q'nadrata, which is exceedingly 
plentiful in tlie Upper Chalk of Yorkshire, I have not seen in the clays. 

Isle op Man. 

Eejmrted hij Rev. S. N. Harrison. 

Kirk Bride shore — 

1 Shap granite, subangular, striated. 

Port Leivaigue shore — 

I Shap granite. 


TJie Neressllif for the hmnedloie Investh/ation of the Blologif of Oceanic 

Islands, — lleport of the Committee^ consisting of Sir W. H. 

Flower {Chairmanf Professor A. C. Haddox {Secretary), Mr. 
(i. 0 . Bourne, Dr. H. O. Forbes, Professor W. A. Herdman, Dr. 
John ]\Iurkav, Professor Newton, Mr. A. E. Shipley, and 
Professor W. F. R. Weldon. {Draion up by the Secretary!) 

TiiE Committee /ire not able to report any practical results from their 
appeal of last year, but they hope, by keeping the matter before the 
public, to eventually arouse an interest in the imj'joriant objects which 
the Committee have in view. 

Althougli nothing definite has been accomplished this year, the Secre- 
tary, acting ill co-operation with a committee in Cambridge, is organising 
/111 expedition, which will start next February, for the purpose of con- 
tinuing his researches on the Anthropology of the Torres Straits Islanders. 
These people occupy an area between that held by the Papuans on the 
one hand and by the Australians on the other ; and, although it is well 
known that they belong essentially to the Melanesian race, it is important 
to finally establish their ethnic affinities. The natives are rapidly dis- 
/ippe/iring, or are becoming modified by mixture with other races, and 
thus there is an immediate need that they should be thoroughly studied 
liefore it is too late to make accurate anthropological observations. 

Mr. Sidney H. Ray, the recognised expert on the 1/inguages of 
Oceania, will accompany the expedition. He has already published 
studies on the two languages of Torres Straits and on that of the 
neighbouring coast of New Guinea.* The other members of the ex- 
pedition will consist of men trained in various branches of biology, 
particularly in anthropology and physiology. So far as opportunity 
offers, various branches of the anthropology of the natives will be studied 
and numerous photographs taken. All the collections of objects illustrat- 
ing the anthropography and ethnography of the Torres Straits Islanders 
will be presented to appropriate museums. 

The zoology and botany of the islands will not be neglected, but the 
services of a naturalist have not yet been secured. 

‘ Proc, Iloyal Irish Acad., 3rd scr. vol. ii. (1893), pp. 463-G16; vol. iv. (1896), 
pp. 119-373. 
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Occupation of a Table at the Zoological Station at Naples. — Report of 
the Committee, consisting oj Professor W. A. Herdman, Professor 
E. Kay Lankester, Professor W. F. K. Weldon, Professor S. J. 
Hickson, Mr. A. Sedgwick, Professor W. C. McIntosh, i\lr. W. E 
Hoyle, and Mr. Percy Sladen {Secretary). 

AITENDIX rA(tn 

I. — Report on the Oecupation of the Table. By Mr. H. M. Vernon . . 351 

II. — List of Naturalists who hare worked at the Zooloyieal IStation from 

July 1, to June .30, 1807 356 

III. — List (f Papers which were puhlii>hed tn 1896 by Naturalists wJlo 

have oceupicd Tables in the Zooloyieal Station ..... 357 

The table in the Naples Zoological Station hired by the British Associa- 
tion has been granted during the past year to Mr. H. M. Vernon, Miss 
A. Vickers, and Professor W. F. R. Weldon. 

Mr. Vernon has occupied the table during the months of April, May, 
and Juno, and continued his investigations on the effects of environment 
upon the development of Echinoderm larvie. He has furnished a prelimi- 
nary report upon his work, which will be found appended. 

Miss Vickers, who was engaged in studying tlie Algai of the Gulf of 
Naples, has, through the kindness of Professor Dohrn, occupied the table 
for nearly two months concurrently with Mr. Vernon. Your Committee 
desire to express their appreciation of this generous act of consideration 
on the part of Professor Dohrn. Owing to the early date of the meeting 
this year IMiss Vickers’s report has not yet been received. 

Professor Weldon proposed to occupy the table during the months of 
July, August, and September, to investigate the phenomena of variation 
in Crustacea ; and the result of his work will of necessity form part of 
next year's report. 

An application for permission to use the table during the ensuing year 
has been received from Mr. J. Parkin.son, for the purpose of making in- 
vestigations on the budding of the compound A.scidians, especially of the 
Botryllids. He wishes to go to Naples at the beginning of October and 
to remain six months. 

An application has also been received from Mr. James F. Gemmill, 
Lecturer on Vertebrate Embryology in the University of Glasgow, for 
permission to use the table during the montlis of September and October. 
In support of this application Profos.sor Dohrn has kindly written to say 
that he will be glad to allow Mr. Gemmill to occupy a table, if approved 
by the Committee, concurrently with any other appointment made by the 
Committee. 

Other applications have also been received ; in fact, more candidates 
for the table have recently come forward than at any pre\ ious period. 

Your Committee trust that the General Committee will sanction the 
payment of the grant of 100/., as in previous years, for the hire of the 
table in the Zoological Station at Naples. 

On April II there was commemorated at Naples the twenty-fifth 
anniversary of the foundation of the Zoological Station. The occasion 
was observed with much ceremony ; and a number of eminent scientific 
men and high officers of State assembled to congratulate Professor Dohrn 
1897. A A 
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and to confer upon him and his colleagues various orders of dignity and 
academic honours. Among the numerous addresses presented to Professor 
Dohrn, one, subscribed by more than nineteen hundred naturalists and 
philosophers from all parts of the world, is sufficient to indicate the esteem 
in which the Zoological Station is universally held. In the course of an 
eloquent speech Professor Dohrn specially acknowledged his gratitude and 
indebtedness to the British Association for their support, which has ex- 
tended from the early critical period of the station’s existence up to the 
present time. 

The progress of the various publications undertaken by the station is 
summarised as follows : — 

1. Of the ^ Fauna und Flora des Golfes von ISTeapel ’ the monographs 
by Dr. G. Jatta on ‘ I Cefalopodi, Sistematica’ (pp. 268, 31 plates), and 
by Dr. H. Ludwig on ‘Seesterne’ (pp. 491, 12 plates), have been pub- 
lished. 

2. Of the ‘ Mittheilungen aus der zoologischen Station zu Neapel ’ 
vol. xii. part iii., with 7 plates, has been published. 

3. Of the ‘ Zoologischer Jahresbericht ’ the whole ‘Bericht ’ for 1895 
has been published. 

4. A new and greatly revised English edition of the ‘ Guide to the 
Aquarium ’ has been published. 

The details extracted from the general report of the Zoological Station, 
which have been courteously furnished by the officers, will be found at 
the end of this report. They embrace lists (1) of the naturalists who 
have occupied tables since the last report, and (2) of the works published 
during 1896 by naturalists who have worked at the Zoological Station. 


I. Report on the Oempotion of the Table. By Mr. H. M. Yernon. 

The C o'n^ditions of Animal Life in Marine Aquaria, 

I was originally appointed to the British Association table at Naples 
for the months of April and May, but my term was subsequently extended 
to the end of June. My object in coming to Naples was to continue some 
work I had been engaged upon during a previous stay at the Zoological 
Station. This work consisted in an investigation upon the effects of 
environment upon the development of Echinoderm larva 3 . At the present 
time I am endeavouring to elucidate something as to the conditions of 
Animal Life — especially as regards those appertaining to Marine Aquaria 
— by the help of these larvse, which are obtained very readily by means 
of artificial fertilisations. 

The work consists of two more or less distinct parts — first, of the 
growing of the larva) of Strongylocentrotus lividus under various condi- 
tions, and then preserving and measuring them under the microscope, so 
as to determine what change, if any, has been produced in their size by 
the different environmental conditions ; and secondly, of the analysis of 
the various specimens of water in which the larva3 are allowed to develop, 
so as to determine how the degree of organic impurity of the water affects 
the growth of the larvje, and how this impurity may be most effectually, 
as judged by both chemical and physiological standards, removed. 

The analyses of the water thus far made have consisted in detex’mining 
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only the free ammonia and the albuminoid ammonia present. The 
method used is the well-known one of distilling off a portion of the water, 
and determining the ammonia present in the distillate colorimetrically 
after the addition of Nessler^s reagent, and then further distilling after 
the addition of an alkaline solution of permanganate of potash, thereby 
obtaining in the distillate what is known as the albuminoid ammonia 
present in the water. The values thus obtained afford a fair criterion as 
to the comparative amounts of organic impurity present. 

As, at the time of writing, I have been engaged on this work only 
about two months, the results obtained must necessarily be regarded as of 
a somewhat preliminary nature. Such as they are, however, they seem 
to show that the method is one of some value. A good many experiments 
have been made to determine the most favourable conditions for the 
removal of the ammonia, which is present in large quantities in the tank 
water of the Aquarium, by means of vegetable life. It has been found 
that the alga Viva removes the free ammonia present fairly rapidly, though 
it has not much influence on the albuminoid ammonia. Indeed, if the 
amount of this alga taken is more than about one square inch per litre of 
water this actually increases in amount, presumably owing to the meta- 
bolism of the vegetable tissues. The alga acts best in diffused daylight, it 
being bleached in sunlight. Larvm allowed to grow in water purified by 
this moderate amount of alga were found to be 14 per cent, larger than 
those grown in the unpurified water. If too much alga has been added 
they are smaller than the normal, or do not develop at all. 

Probably vegetable life exerts its influence most powerfully through 
the agency of minute alga; and diatoms. Thus it was found that every 
grain of the coarse sand which is placed in the tanks of the Aquarium is 
covered with a thin layer of alga; and diatoms, and that in water filtered 
fairly rapidly through a layer of this sand a few inches deep the amount 
of free ammonia present is diminished to about a fifteenth of its previous 
*S(|jiount. 

< Several other possible means of purification of the water have been 
jammed. Thus it has been found that if water be exposed to sunlight 
4 few days in a flask filled up to the neck, whereby very Uttle surface 
c,,mes into contact with the air, the amount of ammonia pr(;sont is, if 
anything, increased, but yet larvie subsequently grown in such water are 
15 per cent, larger than the normal. Larvae grown in water which has 
been exposed to the action of the air as well as the sun in a flat, covered 
glass jar are, however, rather smaller than the normal, and also the 
ammonia present in such water is appreciably increased. Larva} grown 
in water previously heated to boiling are slightly increased in size. 

Again, a series of observations is being made upon the relative capa- 
cities for ‘ fouling ^ water possessed by various members of the animal 
kingdom. Various animals of known weights are placed for known times 
in measured volumes of water, and the increase in the amount of ammonia 
present is then determined in a portion of the water. In another portion 
larv.-e are allowed to develop, and so by subsequent measurement the 
adverse effect on their growth of the products of metabolism of the various 
animals is determined. Still, again, other observations are being made as 
to the effects upon the growth of the larvje of the addition of various 
salts, such as nitrates, nitrites, and ammonium salts, to the water. 

In conclusion I wish to offer my thanks to the Committee of the 
British Association for the privilege of being allowed to hold the table, 

A A 2 
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and also to the authorities at the Zoological Station at Naples for their 
invariable kindness and assistance to me in my work. 


IT. A List of Naturalists who have worked at the Zoological Station from 
the end of June 1896 to the end of June 1897. 


Num- 
ber on 
List 

Naturalist’s Name 

State or Univcisity 
whose Table 
was made use of 

j thiration of Occupancy 

Arrival 

Departure 

907 

Stud. P. Dorello 

Italy 


July 7,1896 

Aug. 21,1896 

908 

Prof. S Apathy 

Hungary . 


„ 10, „ 

Oct. 28, „ 

909 

Prof. F. S Monticolli 

Italy 



Nov. 20, „ 

910 

Prof. A. della Valle . 

Modena . 


„ 20, „ 

Sept.24, „ 

911 

Prof. V. Chmiclevsky 

Rusisia 


„ 22, „ 

„ 21, „ 

912 

Dr. A. Romano . 

Italy 


Aug. 1, „ 

— 

913 

Dr. V. Diarnare , 

J* • • 


„ 1, » 

— 

914 

Dr. A. Russo 

»* ♦ 


„ 1, „ 

Oct. 19, „ 

915 

Prof. S. Trinchese 

»» • • 


„ 1, » 

Dec. 31, „ 

916 

Stud. J. W. Langclaan 

Holland . 


», 0, ,, 

„ 1. 

917 

Dr. Mazza 

Italy 


12, „ 

Sept. 3, „ 

918 

Prof. Oltrnanns . 

Baden . 


Sept. 4, „ 

Oct 20, „ 

919 

Dr H. Boruttan 

Prus.sia . 


„ 13. „ 

Nov. 2, „ 

920 

Prof. (t. B. Grass! 

Rome 


.. 20, „ 

Oct. 1, ,, 

921 

Dr A. Bethe 

Strasburg 


„ 23, 

Nov, 12, ,, 

922 

Stud. 0. Fragnito 

Italy 


24, 

— 

923 

Dr. M. Bcdot . 

Switzerland . 


„ 24. ., 

Oct. 26, „ 

924 

Prof. d’Abundo . 

Italy 


„ 24, „ 

,, 1, ,, 

925 

Prof. Th. Studer 

Switzerland 


» 27, „ 

„ 12. „ 

926 

Prof. Th. Ziehen 

Prussia . 


Oct. 1, „ 

„ B, „ 

927 

Mr. L. J. Pictoii 

Oxford . 


» 12, „ 

Junel2, ,, 

928 

Mag G Schneider 

Russia 


„ 12, 

Mar. 17, 1897 

929 

Dr. T. Beer 

Au. stria . 


„ 16. „ 

Apr. 11, „ 

930 

Dr. A. Krilmer . 

Wiirtemberg . 


„ 16, „ 

Dec. 16, lS9t; 

931 

Mr. A. Mordivilko . 

Russia 


Nov. 5, ,, 

Feb. 13, 1897 

932 

Prof. F. H. lleriick . 

Smithsonian Instit 


>» 6, „ 

Dec. 4, 1896 

933 

Dr, G. Brandos. 

Prussia . 


„ 7, „ 

Apr. 17,1897 

934 

Dr. P. Celesia . 

Italy 


» 10, „ 

Mar. 29, ,, 

935 

Dr. H. Drie.sch . 

Hamburg 


» 11, 

jMay 14, „ 

936 

Dr. C. Herbst . 

Prussia . 


„ 11, „ 

„ 14, „ 

937 

Dr. Vastarini Cresi . 

Italy 

• 1 

„ 13, „ 

— 

938 

Dr. L. Scliultze 

Prussia . 

1 

„ 16, „ 

Feb. 12, „ 

939 

Dr. G. Schi.schkolT . 

Bulgaria . 

• 1 

Dec. 1, „ 

— 

940 

Dr. L. Bn'iel . 

Saxony . 


„ 14, „ 

— 

941 

Mr. F. B Stead 

Cambridge 


28, „ 

— 

942 

Dr. G. Tagliani 

Italy 


Jan. 1,1897 


943 

Dr. G. Jatta 

Zoological Station 


», 1, ,» 

— 

944 

Dr. Ph. Barthels 

Prussia . 


» 11, „ 

Apr. 21, ,, 

945 

Prof. G. Ruge . 

Holland , 


11, » 

„ 20, „ 

946 

Dr. F. Studnicka 

Austria . 


Feb. 15, „ 

„ 1, n 

947 

Dr. J. V. Uexkull 

Strasburg 


„ 10, 

June 8, ,, 

948 

Dr. R. Lauterborn , 

Bavaria . 


„ 26, „ 

Apr. 19, „ 

949 

Prof. H. E. Ziegler . 

Baden 


Mar. 3, „ 

„ 24, „ 

950 

Dr. R Krause . 

Prussia . 


„ 4. „ 

» 20, „ 

951 

Prof. K. Kostanecki . 

Austria . 


,, ,, 

„ 14, „ 

952 

Dr. M. Siedlecki 

» • • 


,, 6, ,, 

May 20, ,, 

963 

Dr. O. zur Stra.ssen . 

He.sse 


» 11, „ 

Apr. 25, „ 

954 

Stud. W. Paulcke 

Baden 


„ 11, M 

„ 19, „ 

955 

Prof. V. Ililcker 

Wiirtemberg . 


„ 18, „ 

„ 19, „ 

956 

Dr. E. Meek . 

Smithsonian Instit. 


„ 19, „ 

May 6, „ 

957 

Dr. J. Sobotta . 

Prussia . 


22 

„ 2, „ 

958 

Dr. Sidney Wolf 

Strasburg 

■ i 

29^ ” 

Apr. 12. „ 
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II. A List of Naturalists — continued. 


Num- 
ber on 
List 

Naturalist’s Name 

State or University 
whose Table 
was made use of 

Duration of Occupancy 

Arrival 

Departure 

959 

Miss Vickers . 

British Association . 

Apr. 3, 1897 

May 26, 1897 

960 

Prof. W. His . 

Saxony , 

» 6. » 

Apr. 19, „ 

961 

INlr. H. M. Vernon . 

British Association . 

„ 8. 



962 

Dr. J. Graham . 

Columbia College . 

„ 9, „ 

May 14, „ 

903 

Dr. H. Jennings 

bmitlLsonian Instit. . 

.. 10, „ 

June26, „ 

964 

Dr. Fischel 

Austria . 

„ 10. „ 

May 29, „ 

966 

Dr. A. Taquin . 

Belgium . . . I 

)» 15, M 

— 

966 

Prof. A. Sewertzoff . 

Russia 

M 16. 

— 

967 

Dr. H. Neal 

Smithsonian Instit. . 

16, „ 

May 29, „ 

968 

Dr. E. Rousseau 

Belgium . 

May 3, „ 


969 

Prof. P. Samassa 

Baden 

21, „ 

June 13, „ 


III. A List of Papers tvhich v'ere published in the Year 1896 by the 
Naturalists who have occupied Tables in the Zoological Statio'ii, 


P. Samas'sa 

G Bidder 
C- Herbst 


V. Willem und Schoenlein 
N. Iwanzoff . 

E, IMacBride . 

J. E. S. Moore 
M. V. Lenhossek 
E. Drechsel . 

J. V. Uexkiill . 

I) ... 

A. Russo 

... 

T. H. Morgan . 


Studien uber den Einfluss des Dotters auf die Gastrula- 
tion und die Bildung der primuren Keimblatter der 
Wirbelthiere. I. Selaebier, ‘Arch. f. Entwickclungs- 
Mechanik.,’ B. 2, 18b5 

The collar-cells of Hotcrocccla. ‘ Quart. Jour. Micr. Sc., 
vol. 38, 1895. 

Ueber die Regeneration von antenncnahnlichen Organen 
an Stelle von Augen. 1. Mittheilung. ‘ Arch. f. Entw.- 
Mech.,’ B. 2, 1896. 

Expcrimentelle Untcrsuchungen uber den Einfluss der 
veriinderten chemischen Zusammen.setzung des umge- 
henden Mediums auf die Entwickelung der Thiere. 3.-6. 
Theil. IhUl. 

Ueber Regeneration von antenncniihnlichen Organen. 

‘ Vierteljahrsschrift der Naturf. Ges. Zurich,’ B. 41, 1896. 

Beobachtungen liber Blutkieislauf u. Respiration bei eini- 
gen Fischen. ‘ Zcitschr. f. Biologic,’ B. 32, 1896. 

Ueber den Bau, die Wirkungsweise u. die Entwickelung 
der Ncsselkapseln von Coelenteraten ‘Anat. Anz.,’ B. 
11, 1896, u. ‘Bull. Soc Natural. Moscou,’ vol. 10, 1896. 

The development of Asterina gibbo.'^a. ‘ Quart. Jour. Micr. 
Sc.,’vol. 38, 1896. 

On the structural changes in the Reproductive Cells dur- 
ing the spermatogenesis of Elasmobranchs. Ihid. 

Histologische Unteisuchungen am Sehlappen der Cephalo- 
poden. ‘ Arch. Mikr. Anat ,’ B. 47, 1896. 

Bcitnige zur Cheinie einiger Secthicre. ‘ Zeitschr. f. 
Biologie,’ B. 33, 1 89G. 

Zur Muskel- u. Nervenphysiologic von Sipunculus nudus. 
lUd. 

Ueber die Function der Poli’sehen Blasen am Kauapparat 
der regularen Sceigel. ‘ Mitt. Zoolog. Station Neapel/ 
B. 12, 1896. 

Nuovo contribute all’ embriologia degli Echinodermi. 

‘ Boll. Soc. Nat. Napoli,’ vol. 10, 1896. 

Per un recente lavoro di E. W. MacBride sullo sviluppo 
dcir Asterina gibbosa. Ihid. 

The number of cells in larvae from isolated blastomeres of 
Amphioxus. ‘Arch. f. Entw.-Mechanik.,’ B. 3, 1896. 

The production of artificial astrosphasres. Ihid, 
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G. V. Koch 
A. Borgert 

yy • 

J. Sobotta 
M. Wheeler . 

L. Neumayer . 

H. Ziegler 


K. Kostanccki 

F. S. Monticelli 

D. N. Voinov , 

V. Faussek 
S. Pereyaslawzewa 

V. Hiioker 
P. Ziegenhagen 


Die taktische Reizbarkeit der Mesenchymzellen von Echi- 
nus microtuberculatus. Ibid. 

Betrachtungen fiber die Organisation des Eies u.s.w. Ibid, 
B. 4. 

Zur Analyse der Reparaiionsbedingungen bei] Tubularia. 
‘ Vierteljahrsschrift Nat. Ges. Zurich, ’ B. 41, 1896. 

Kleinere Mittheilungen iiber Korallen. (10. Zwischen- 
knospung bei recenten Korallen. 11. Knospung von 
Favia cavernosa.) ‘ Morphol. Jahrbuch,’ B. 24, 1896. 

Zur Fortpflanzung der tripyleen Radiolarien (Phaeodarien). 
‘Zool. Anz.,’ B. 19, 1896. 

Die Doliolum-Ausbeute des ‘ Vettor Pisani.’ ‘ Zool. Jahr- 
biicher,’ Abth. f. Systematik, B. i), 1896. 

Zur Entwickelung von Belone. * Verb. Anat. Ges,/ 1896. 

The sexual phases of Myzostoma. ‘ Mitth. Zool. Station 
Neapei; B. 12, 1896. 

Der feinere Bau der Selachier-Retina. ‘ Archiv f . IMikr. 

Anat./ B. 48. 

Die Entstehung des Periblastes bei den Knochenfischen. 
‘ Anal. Anz.,’ B. 12, 1896. 

Einige Beobachtungen zur Entwickelungsgeschichte der 
Echinodermen. ‘Verb, der deutsch. Zoolog. Ges.,’ 6.Vers,, 
1896 

Ueber die Gestalt der Centrosomen im befruchteten 
Seeigeln. ‘Anat. Hefte, Merkel u. Bonnet,’ B. 7, 1896. 

Adelotacta Zoologica. ‘Mitth. Zool. Station Neapei,’ B. 12^ 
1896. 

Halacarus Trouessarti, nouvelle esp^ce d’Halacarides de la 
M6diterran4e. ‘ Bull. Soc. Zool. de Franbe,’ 1896. 

Zur Cephalopodenentwickelung. * Zool. Anz.,’ 1896. 

Memoire sur I’organisation de la Nerilla antennata. O. 
Schmidt, ‘Ann. Sc. Nat. Zool./ t. 1, 1896. 

Pelagische Polychtetenlarven. Zur Kenntnissdes Neapler 
Friihjahr-Auftriebes. ‘ Zeitschr. f. wiss. Zoologie,’ B. 42, 
1896. 

Ueber Entwickelung der Circulation bei Teleostiern^ 
insbesondere bei Belone. ‘ Verhandl. der Anatom. Ges.,’ 
1896. 


The Zoology of the Sandwich Islands, — Seventh Report of the 
Committee^ consisting of Professor A. Newton {Chairman), 
Dr. W. T. Blanford, Professor S. J. Hickson, Mr. 0 . Salvin, 
Dr. P. L. Sclater, Mr. E. A. Smith, and Mr. D. Sharp 
{Secretary), 

The Committee was appointed in 1890, and has been annually re- 
appointed. It has continued to work in conjunction with a Committee 
appointed by the Royal Society for the same purposes. Since the last 
Report Mr. R. C. L. Perkins was maintained at work in the islands till 
March last by aid of the Bernice P. Bishop Museum in Honolulu. He 
has now returned to England, and is engaged in arrangiAg his second set 
of collections for being worked out. The Committee is endeavouring to 
get all the material reported on by competent specialists, several of whom 
have made considerable progress. The work to be done is, however, so 
extensive, especially in arthropods, that the Committee anticipates a 
period of two years must elapse before the work can be satisfactorily 
completed. Papers, of a preliminary nature, have been published since 
the last Report by Mr. E. R. Sykes (‘Proc. Malacol. Soc.,^ 1896), by 
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Mr. R. C. L. Perkins (‘ Entomol. Monthly Mag.,’ 1896), and by D. Sharp 
(‘Entomol. Monthly Mag.,’ 1896). The Committee requests reappoint- 
ment to enable it to complete its work. 


Zoological Bibliography and Publication. — Second Report of the Com- 
mittee, co'iisisting of Sir W. H. Flower {Chairman), Professor W. 
A. Herdman, Mr. W. E. Hoyle, Dr. P. L. Sclater, Mr. Adam 
Sedgwick, Dr. D. Sharp, Mr. C. D. Sherborn, Rev. T. R. R. 
Stebbing, Professor W. F. R. Weldon, and Mr. F. A. Bather 
{Secretary). 

The Report presented in 1896 stated that this Committee was issuing 
two circulars : (I.) Questions concerning general principles of Bibliography 
and Publication, sent to experts and leading zoologists ; (II.) Suggestions 
concerning various cognate matters ‘ wholly within the control of editors 
and publishing cominittees,’ sent to the editors of all publications con- 
nected with zoology. 

Circular I. has been sent to 115 zoologists, the majority of whom have 
had practical experience in Bibliography. From 36 of these, in various 
parts of the world, replies have been received, containing, in many cases, 
a detailed discussion and practical suggestions of much value. A digest 
of these replies is being drawn up, and the Committee hopes to furnish a 
definite Report thereon next year. Meanwhile certain of the suggestions 
and criticisms received have greatly helped the Committee in its con- 
sideration of the replies to Circular II. 

To this latter Circular and its strictly practical proposals the Com- 
mittee thinks it advisable to confine attention for the present. Circular 
II. has been sent to the editors of nearly all the publications listed in the 
‘ Zoological Record,’ viz., to some 800, the exceptions being those whose 
addresses could not be ascertained ; it has also been sent to the editors of 
various publications not hitherto included in the ‘ Zoological Record ’ list, 
e.g., all zoological publications recently started. 

Replies were not specially solicited, but comments have been received 
from 39 editors or publishing bodies, to all of whom the Committee 
desires to express its thanks. Among them may be mentioned : the R. 
Physical Society of Edinburgh, the Natural History Society of Glasgow, 
the Cambridge Philosophical Society, the Entomological Society of London, 
the Liverpool Biological Society; ‘Nature,’ ‘Natural Science,’ ‘The 
Zoologist,’ ‘The Entomologist,’ ‘The Journal of Malacology,’ ‘Journal of 
Physiology,’ Cambridge ; The R. Asiatic Society, Ceylon Branch ; K. 
Akademie der Wissenschaften zu Berlin ; K. Zool. u. Anthrop.-Ethnogr. 
Museum zu Dresden ; Zoological Station in Naples ; R. Soc. Scientiarum 
Bohemica ; Physikalisch-okonomische Gesellschaft zu Konigsberg ; R. Soc. 
Sciences in TJpsala ; Societe Imperiale des Naturalistes de Moscou ; 
Koninklijke Akademie van Wetenschappen, Amsterdam ; Geological 
Society of America, Philadelphia Academy of Natural Sciences, Essex 
Institute, Cincinnati Society of Natural History, Natural History Society 
of New Brunswick, ‘Science,’ ‘Bulletin of American Palaeontology,’ 
‘Entomological News.’ All these replies are favourable to the suggestions 
of the Committee in the main, and some even ask for further advice. 
Exception has, however, been taken by some to suggestions 1 , 3, and 7 ; 
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while comments have also been made on suggestions 2, 4, and 5. It is 
proposed to deal with these in order. 

First, the Committee wishes to state clearly that it has no wish, even if 
it had the authority, to lay down laws for zoologists or for publishing 
bodies and editors. It is, however, plain that many are grateful for 
some guidance, and the Committee hopes that it may serve as a medium 
for conveying to those who need it the general opinion of the experienced. 
There are also difficulties which, though they appear to some insuperable, 
may possibly be surmounted in ways that have been communicated to the 
Committee. 

(1) ‘That each part of a serial publication should have the date 
of actual publication, as near as may be, printed on the wrapper, 
and, when possible, on the last sheet sent to press. ^ 

Five correspondents do not see the use of this, thinking that the date 
on the wrapper is enough, and that in the case of annual publications the 
date of the year suffices. The Committee would point out that wrappers 
are constantly lost in binding, and that periodicals are often broken up by 
specialists or second -hani booksellers, the consequent loss of date causing 
much trouVde to workers of a later day. To avoid this, the Cincinnati 
Society of Natural History would add the date at the head of each paper, 
while ‘ Natural Science ’ prints the month and year across every page- 
opening. Some societies, e,g. the Philadelphia Academy, issue a certificate 
of dates at the end of the volume. Tlie Li\a‘rpool Biological Society ‘put 
at the head of each paper the date when it is read, and are willing to add 
the date when it is printed off ’ : neither of these dates are necessary, and 
they may be misleading. In most cases the actual day of publication is 
immaterial, especially in cases where no new species are described, but at 
least the month should always be given, and the Committee docs not see 
that there need be any difficulty in doing this. If some unforeseen delay 
does occur, the date can always be rectified with a date stamp. 

(2) ‘That authors’ separate copies should be issued with the 
original pagination and plate-numbers clearly indicated on each 
page and plate, and with a reference to the original place of publi- 
cation.’ 

The Committee believes this to be a most important recommendation, 
and its view is supported by all the zoologists consulted. Nevertheless, 
many leading publications continue* to issue authors’ copies repaged, and 
often without reference to volume-number, date, or even the name of the 
periodical. The remedy is so simple that the Committee urgently appeals 
for its universal application. 

(3) ‘That authors’ separate copies should not be distributed 
privately before the paper has been published in the regular 
manner.’ 

It is a curious fact that on this question editors take a different line 
to working zoologists. All the latter who have discussed the matter 
agree with the Committee as to the extreme inconvenience caused by the 
general custom. Among the editors, however, nine (V.«., nearly one- 
quarter) protest against the present recommendation. The objectors 
represent small societies which publish at lengthy intervals, and their 
reasons are : that it is not fair to an author to prevent him from receiving 
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his separate copies for perhaps a year ; that it is not to the advantage of 
science that work should thus be delayed ; that a society which did this 
would receive fewer contributions and lose its members. In brief, the 
argument is : ‘We are too poor to publish properly ; therefore we must 
allow authors to publish improperly.^ This form of argument suggests an 
easy remedy, and one that, on the informal suggestion of the Committee, 
has already been put into practice by the Liverpool Biological Society 
and by the R. Physical Society of Edinburgh. The remedy is this ; 

In caaefi where a volume or jmrt can only ajypear at long intervals^ each 
author that requires separate copies of his qxiper for private distribution 
before its publication in the volume or part should he permitted them only 
Oil this condition — that^for every month before the probable issue of the 
volume^ a certain number of copies — say five — should be placed by him in 
the hands of the society or its accredited publisher^ in order that they may 
he offered for sale to the public at a fixed price. Further, that the society, 
for its jiart, should announce the publication, with price and agent, of their 
p)apers to some recognised office, or to some such pyaper as the ‘ Zoolog ischer 
Anzeiger.* The details of expense must be settled betiveen the author and 
the society. 

(4) ‘ That it is desirable to express the subject of one’s paper in 
its title, while keeping the title as concise as possible.’ 

It is satisfactory to find no objections raised to this recommendation, 
since there is no doubt tliat there is room for much improvement in this 
direction. Such phrases as ‘ Further contributions towards our knowledge 
of the or ‘ Einige Beobachtungeii uber or ‘ Essai d une 

JNlonographie du genre . . . . ’ might well be dispensed with as super- 
lluous. The ornithologist who, in 1805, published a book with a title of 
ninety-one words would seem to have forgotten the functions of a 
preface. 

On the other hand, it is pointed out that certain periodicals, such as 
tlie ‘Bulletin de la Society Entomologique de France’ and the ‘Sitzungs- 
berichte der Gesellschaft naturforschender Freunde zu Berlin’ publish 
communications without any title, to the constant confusion of naturalists 
The Committee begs to urge the reform of this practice, in which it can 
see no advantage. 

(5) ‘ That new species should be properly diagnosed, and 
figured when possible.’ 

The only comment on this is the proposed omission of the words 
‘ when possible.’ With this the Committee sympathise, but wish to avoid 
all appearance of laying down a law that would constantly be broken. 

(G) ‘ That new names should not be proposed in irrelevant foot- 
notes or anonymous paragraphs.’ 

Naturally nobody supports such actions as are here objected to, but 
since some have doubted the possibility of the latter, it is as well to state 
that the suggestion was based on an actual case occurring in the Report 
of a well-known International Congress. The proposal of a new name, 
without diagnosis, in a footnote to a student’s text-book, or in a short 
review of a work by another author, is a by no means rare occurrence. 
The Committee believes that such practices are calculated to throw nomen- 
clature into confusion rather than to advance science. 
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(7) ‘ That references to previous publications should be made 
fully and correctly if possible, in accordance with one of the recog- 
nised sets of rules for quotation, such as that recently adopted by 
the French Zoological Society/ 

Dr. Paul Mayer, of Naples, writes : ‘ Most authors are extremely idle 
in making good lists of literature themselves, and even oppose my correct- 
ing them according to our rules. There ought to be some training in this 
at our Universities/ This is confirmed by one or two other editors, but 
not all have the energy of Dr. Mayer. Some, indeed, oppose the word 
‘ fully ^ on the ground that it leads to waste of time and space. The 
Committee would explain that the reference to a particular set of rules 
was intended merely as a guide to those who have not had the training 
that Dr. Mayer would like to see ; they would also point out, in the 
words of the editor of the Cincinnati Society of Natural History, that 
‘ what may be intelligible to the specialist is very puzzling to the general 
student.* Nowadays, when so many zoologists work with the aid of 
authors’ separate copies, it is an enormous convenience to them to have 
the title of the paper at least indicated, and not merely the volume, date, 
and pagination given. The Committee, therefore, cannot agree that this 
suggestion involves a waste of time. 

Finally, the Committee recommends that copies of this Report be dis- 
tributed to the editors of all publications connected with zoology ; and 
for this purpose it recommends its reappointment with a grant of 6^. I 5 . 
for expenses of printing and postage. 


Bird Migration in Great Britain and Ireland. — Interim Report of the 
Committee^ consisting of Brofessor Newton (Chairman)^ Mr. John 
C oRDEAUX (Secretary), Mr. John A. Harvie-Brown, Mr. R. M. 
Barrington, Rev. E. Ponsonby Knubley, and Dr. H. 0. Forbes, 
appointed to ivorh oid the details of the Observations of the Migra-- 
tion of Birds at Lighthouses and Lightships.^ 1880-87. 

It is with extreme regret that your Committee have to report the serious 
illness of Mr. William Eagle Clarke, shortly after his return last autumn 
from the delta of the Rhone, to which his zeal in investigating the sub- 
ject of Bird Migration had led him at an unhealthy season. In conse- 
quence of this illness he has been able to make but little progress in 
executing the task of working out the details of the Observations already 
so successfully digested by him, which task had been entrusted to him by 
your Committee. 

It seems quite certain that no useful result could follow from at pre- 
sent placing in other hands any of the records which the Committee 
possess, even if such a course would be fair to Mr. Clarke, who has already 
bestowed so much labour and time upon them, and therefore your Com- 
mittee, in the hope of his eventual recovery, respectfully request reappoint- 
ment. 
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Life Condiiions of the Oyster : Normal and Abnormal. — Second Report 
of the Committee, consisting of Professor W. A. Herdman {Chair-- 
man)y Professor E. Boyce (Secretary), Mr. G. C. Bourne, a7id 
Professor 0 . S. Sherrington, appointed to Report on the Elucidation 
of the Life Conditions of the Oyster under Normal and Abnormal 
Environment, includiwj the Effect of Sewage Mattel's and Pathogenic 
Organisms. (Prawii up by Professor Herdman aiid IVofessor 
Boyce.) 

The Green Disease. 

Since our Report, read at the Liverpool Meeting of the British Associa- 
tion last September, in which we announced that we had discovered a pale 
green disease, accompanied by a leucocytosis, in certain American oysters 
laid down on our coasts, two papers have appeared which require brief 
notice. One of these is an article by Dr. D. Carazzi in the ‘ Mittheilungen ' 
of the Naples Zoological Station for 1896, and the other is the ‘Supple- 
ment to the Report of the Medical Officer for 1894-95,’ which deals with 
oyster culture in relation to disease, and which appeared towards the end 
of 1896. 

Dr. Carazzi has worked with the ordinary European oyster {Ostrea 
edulis) at Spezia. The green oysters which he has investigated are 
the ‘ Huitres de Marennes,’ and some oysters of unknown origin which 
he obtained from the bottom of a yacht. He has also had specimens of 
the Portuguese oyster, but, so far as appears, no American oysters. He 
considers that all the green oysters he has examined have been healthy. 
He has apparently not seen any condition at all resembling the pale chalky 
green, unhealthy state that we find in certain American oysters, and so he 
seems inclined to deny its occurrence ! We have endeavoured to demon- 
strate to Dr. Carazzi the existence of this diseased condition by sending 
him both living specimens and also pieces of the affected mantle, etc., 
fixed, preserved, and imbedded in paraffin ready for sectioning. Dr. Bul- 
strode, in the Medical Officer’s Report referred to below, has clearly met 
with the green disease we described last year ; and we have also had tho 
satisfaction of showing it to Dr. P. P. C. Hoek, of Helder, who visited 
our laboratories last February for the purpose of seeing our oyster work. 
Our specimens and preparations have also been seen at all stages of the 
investigation by our assistants and colleagues ^ at University College, 
Liverpool. 

The latter of the two works, a book of 174 pages, and many illus- 
trations, consists of reports by Dr. Thorne Thorne, Dr. E. Klein, and 
Dr. Bulstrode, upon the conditions under which oysters are cultivated 
and stored, and upon the connection between unhealthy conditions and 
the presence of pathogenic organisms in the oysters. Although these 
reports contain little that was not known to those interested in the 
subject, still they served to draw public attention to what had been only 
previously known to oyster investigators, viz., that some — by no means 

* Our thanks are especially due to Professor Sherrington, Dr. 0. Kohn, Dr. 
Abram, Mr. Cole, and Mr. Scott. We are indebted to Mr. C. Petrie, Liverpool, and 
Mr. Rupert Vallentin, Falmouth, for help in obtaining special kinds of oysters. 
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all — of our oysters and mussels are grown or kept under most insanitary 
-conditions, and so may, when taken as food, without the necessary precau- 
tions, from unhealthy localities, cause disease or poisoning. The con- 
clusions on the public health question are entirely in accord with what we 
^(Boyce and Herdman) recommended in a former report (Ipswich, 1895) as 
the two requisite sanitary measures, namely, first, the inspection of all 
grounds upon which shellfish are grown or bedded, so as to ensure their 
practical freedom from sewage ; and, secondly, the use, when necessary, of 
what the French call ‘ d^gorgeoirs ’ — tanks of clean water in which the 
oysters should be placed for a short time before they are sent to the 
consumer. 


Copper in Ousters. 

There are two other points in the Medical Olficer’s Report to which 
we must allude. The first is that Dr. Bulstrode’s report corroborates our 
account of the pale green disease which we have discussed in our pre- 
vious papers, and which we refer to more fully below. He has independ- 
ently met with a condition in oysters from the South Coast of Fngland 
which is clearly the diseased condition we had described. This is the 
more important as Dr. Carazzi in the paper referred to above seems 
inclined to doubt our account of the pale green disease. The second 
point is that Dr. Thorpe, who examined some green oysters obtained 
by Dr. Bulstrode at Falmouth, found that they contained a notable 
amount of copper. This observation has raised once more the question, 
which was by many considered settled, as to whether large amounts 
of copper might be taken up by the oyster, and as to whether any of 
the green forms of oyster owe their colour to copper. 

We have alluded in foruier reports ^ to the great dificrence of opinion 
that has existed in the past as to the green colour of certain oysters, and 
there can be no doubt that that difference of opinion has been largely duo 
to the fact that the observers worked with different kinds of oysters. Some 
investigated Marennes oysters (0. edulis) and found that with dark blue- 
green gills they were in a perfectly healthy state, that they contained very 
little copper, and that some iron was present in the pigment. In all that 
they were perfectly correct ; but that does nob prove that the pale green 
American oyster {0. virginica) is also in a healthy state, and that its green 
colour is due to iron and not copper. If there is one thing more than 
another which this investigation has taught us, it is caution in drawing 
general conclusions from what is found in one oyster or one brand of 
oysters. At an early period of the investigation we were inclined to agree 
with some previous investigators that copper, though present in small 
quantity in all oysters, had nothing to do with the green colour ; but now 
we have to definitely announce that we find copper in considerable quan- 
tity in the green American oysters, that the copper reaction coincides 
histologically with the green granular leucocytes, and that consequently 
the copper may be regarded as the cause of the green colour. 

Professor Bizio records that he found (in 1835 to 1845) copper in 
oysters at Venice ; and he suggests that the colour of the Marennes 
oyster is due to a compound of copper. Subsequent work upon Marennes 
oysters, in which little or no copper was found, may have seemed to throw 

' Brit. Bep., 1896, p. 668 ; and Iteport Lancashire Sea-ihheries Lahoratory 

for 1895 and 1896. ^ 
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discredit on Bizio’s observation ; but we think it very possible, in the 
light of our recent experience, that Bizio was dealing with the same 
copper-bearing green pigment that we have met with. 

From numerous analyses that have been made for us by Dr. C. Kohn, 
it is pretty certain that about 0*006 grain (0*4 mgrme.) of copper is the 
amount that is normally present in the healthy oyster ; and this copper is 
usually supposed to be located in the hmmocyanin, which, as Fredericq 
and others have shown, is a constituent of the blood of many crustaceans, 
and molluscs. The amount of copper, however, that we have lately found 
in green oysters is far in excess of what can be accounted for as due to- 
the hoemocyanin. 

Out of 120 American oysters opened at one time, we picked the six 
greenest and the six whitest. Dr. Kohn analysed these for us and found 
that the six green ones contained 3*7 times as much copper as the white. 
This shows that there is an absolute increase in the amount of copper 
present in the body, and not merely a redisposition, such as the concen- 
tration of the copper of the haimocyanin in certain leucocytes. 

Further, Dr. Kohn finds that the greenest parts of an oyster, if 
snipped out and analysed, contain, in a ratio corresponding to that stated 
above for whole oysters, more copper than the corresponding parts of i\. 
white oyster. These experiments, and the histological reactions described 
below, demonstrate the coincidence of the copper distribution with the 
green colour. 

Seat of the Green Colour. 

It may be well that we should state again the method of occurrence 
and the histological distribution of the green colouring matter. In the 
American oyster (0. virginica) re-bedded on the English coast, a well- 
marked pale chalky green colouration is frequently observed, especially 
in autumn. This colour, in its appearance and distribution, is unlike 
that seen in the gills of the Marennes oyster. It may occur in patches, 
on the mantle, but more frequently it is confined to the vessels and 
heart ; in some cases, owing to the universal injection of the vessels, 
the entire oyster has a greenish tinge. Microscopic examination shows 
that the green colour is due to leucocytes, which are coarsely granular. 
The leucocytes are amoeboid and tend to collect in masses. The oysters 
in which this massing of green leucocytes occurs do not appear to us 
as healthy as those which are colourless. They are frequently thin, 
with the liver shrunken, but we were unable to find evidence of any 
parasitic or other irritative cause of the disease, either by staining or 
cultivation. Examination of considerable numbers of the English native 
(0. edulis) shows that the green colouration is occasionally encountered 
in that form, and that it is due to the same cause, but it is by no mean» 
so frequent as in the American species. 

Investigation of the Pigment. 

The following are our details of the histo-chemical investigation of 
the pigment. The green pigment is insoluble in boiling alcohol, ether, 
chloroform, xylol, and other fat solvents ; it is soluble in dilute acids and 
alkalis. The addition of potassic ferrocyanide to sections containing 
the green colouring matter, or to the leucocytes themselves, gives a red 
reaction, indicating the presence of copper j but the reaction can be 
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most readily obtained by the addition of a small quantity of *5 per cent, 
hydrochloric acid to the potassic ferrocyanide. Ammonium-hydrogen 
sulphide gives also an immediate reaction with the green pigment. 
Ammonia strikes a beautiful blue wherever there is green . It was then 
found that pure haematoxylin is an extremely delicate test, giving an 
immediate blue reaction in exceedingly dilute solution. Previous treat- 
ment of the green colouring matter by 3 per cent, nitric acid in alcohol 
prevented these reactions, and subsequent treatment with acidulated 
potassic ferrocyanide resulted in a very faint general prussian blue coloura- 
tion of the tissue generally. We concluded that there was no inorganic 
iron present in the leucocytes, that the leucocytes which form the green 
patches contain a considerable quantity of copper, and that, just as in the 
case of iron, as shown by Professor Macallum,^ pure haematoxylin is a 
most delicate test, but that great care must be taken to ascertain by other 
reagents which of the metals is present. Very numerous tests were 
made with the blood obtained from white oysters, and micro-chemical 
reactions revealed in some instances faint traces of copper. Hiemocyanin 
has been described in the blood of molluscs and apparently in the blood 
of the oyster. We have examined numerous samples of blood taken from 
the white oyster, but have failed to get any blue colouration on exposure 
to air. In the green oysters a very faint blue colour has been noticed in 
some cases on exposing the blood to air. 


Cause of the Pigmentation, 

There can be no doubt that Ryder, ^ in America, about 1880, investi- 
gated the same kind of green oyster with which we are dealing. He 
showed that the green colouring matter was taken up by the amoeboid 
blood-cells, and that these wandering cells containing the pigment were 
to be found in the heart, in some of the blood-vessels, and in aggregations 
in ‘ cysts ^ under the surface epithelium of the body. He describes the 
colour (in the ventricle) as a ‘ delicate pea-green,’ and states that it is 
not chlorophyll nor diatomine ; he suggests that it may be phycocyanin 
or some allied substance. We have now shown that it is due to a copper 
compound. 

We consider that Ryder came nearer to what we now consider to be 
the truth than any previous investigator has done. He -was trying to 
show that the colour was derived from the food. Carazzi has recently 
suggested that the colour (this, it must be remembered, is in the Marennes 
oyster), due to iion, is derived from the bottom on which the oyster is 
lying. We have tried numerous experiments in feeding oysters on iron and 
copper salts, both soluble and insoluble, of various strengths, and also in 
keeping oysters on a bottom of iron or copper salts — including rusty iron, 
old copper, and copper filings — but in none of these experiments (the full 
details of which we shall publish later) have we got sufficiently consistent 
and continuous results to enable us to determine whether or not the animal 
obtains its copper from the contents of the alimentary canal or from the 
water through the surface of the body. These experiments and observa- 
tions are still being carried on. 

* Quarterly Journal of Microscopical Science, 189G ; and J^rit. Assoc. Rep 1896 
p. 973. 

* U.S. Fish Commission. Reports and Bulletins from 1882 to 1884. 
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We may add that the green oysters containing copper are found in 
some localities where there can be no question of copper mines or old 
copper from ships’ bottoms. We venture to suggest that the pigmentation 
may be due to a disturbed metabolism whereby the normal copper of the 
body becomes stored up in certain cells. 

We desire to continue this work. Our investigation is drawing to 
a conclusion, but there are still some points we hope to settle, such as 
the origin of the copper and the conditions determining its deposition. 
The colouring matter in the other kinds of green oysters also requires 
reinvestigation. We desire, then, that the Committee should be 
reappointed for one year more, with the addition of Dr. Kohn, who has 
rendered us valuable service on the chemical side, and with a grant to 
meet the expenses of the investigation. 


Index Animaliwn, — Report of a Committee^ consistmg of Sir W. H. 

Flower (Ghairman), Mr. P. L. Sclater, Dr. H. Woodward, Rev. 
T. R. R. Stebbing, Mr. R. MacLachlan, cmd Mr. F. A. Bather 

{Secretary')^ appointed to superintend the Compilation of an Index 

Animalium, 

The object of this Committee is to prepare, and ultimately to publish, an 
index to everjr name, whether valid or invalid, that has ever been applied 
as the generic or specific denomination of an animal, recent or fossil. 
The work of compiling the Index is carried on by Mr. C. Davies Sherborn 
at the British Museum (Natural History). 

The Committee has decided to deal first with the names occurring in 
literature published between the years 1758 and 1800 inclusive, since this 
section of the literature is the most important for questions of priority. 
Within these limits Mr. Sherborn has during the past year prepared a 
list of the literature to be searched. 

Since the last Report was drawn up 982 volumes and tracts have 
been indexed, and about 10,000 species listed. In addition Mr. Sherborn 
has prepared a separate index of the names of animals in the tenth and 
twelfth editions of Linnjeus’s ‘ Systema Natura?,’ since it was considered 
by the Committee that the publication of this would be a useful prelimi- 
nary step of much value to naturalists. 

The Committee begs to remind zoologists that the Index, in the form 
of a card catalogue, now containing about 140,000 references, can be re- 
ferred to in the library of the Geological Department of the British 
Museum (Natural History) any week day between 10 a.m. and 4 p.m. 

A detailed account of the methods and progress of the work was 
published in the ‘ Proceedings of the Zoological Society ’ for 1896, pp. 
610 614, and was reprinted in the ‘Geological Magazine’ (n.s., Dec. iv., 
vol. iii. pp. 557-561, Dec. 1896). A notice of this and an appeal for the 
support of zoologists was published in ‘ Natural Science ’ for June 1897 
(vol. X. pp. 370-371). 

The value of this work to zoologists (including palaeontologists) and 
the satisfactory progress that the grant of 100^. by the Association has 
rendered possible justify the Committee in recommending its reappoint- 
ment, with the addition of Mr. W, E. Hoyle, and in asking for a renewal 
of the grant. 
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Ajrican Lake Fauna. — Report of the Committee^ consisting of Dr. 
P. L. ScLATER (Chairman), Dr. John Murray, Professor E. Ray 
Lankester, Professor W. A. Herdman, and Professor G. B. 
Howes (Secretary). 

Mr. J. E. S. Moore, A.R.C.S., London, left England on September 7, 
1895, and returned to Europe on January 1, 1897. 

The primary object of his expedition was the collection, by means of 
dredging, tow-netting, and other resources, of material for the adequate 
working out of the structure, and, as far as possible, the development, of 
the singular fresh-water Medusa (Limriocnida tanganyika^, and some 
other remarkable animal forms which, from their shells brought home by 
travellers, were known to inhabit Lake Tanganyika, and to present a 
combination of characters unlike that of any other fresh-water stock. 
Incidentally, the faunas of Lakes Shirwa, Kela, and Nyassa were as far 
as possible studied ; and in this way much liglit has been thrown on the 
geographical distribution of the fauna of the great African lakes. It 
has been ascertained that Tanganyika contains at least tw(j distinct 
faunas — one which is more or less fully represented in all the great 
African lakes, and another peculiar to Tanganyika itself. The latter 
embraces the Medusa, some of the fresh-water fishes yet to bo determined, 
some new species of Crabs and Prawns, a deep-water Sponge, and mem- 
bers of some eight or nine genera of Gastropods. Some of the latter are 
already known from their shells (such as Typhohia^ Lithoghyphus limno- 
trochns, and Paramelania), but there are others which have yet to be 
described. All these animals, like the Medusa, exhibit marked marine 
affinities, but they cannot be directly associated with any living oceanic 
forms ; and it is suggested they may represent the remains of a special 
fauna which has persisted in the lake for a vast period. 

Observations were also made upon the Protozoa of Lake Tanganyika, 
with the result that there were discovered apparently new species of 
Condylostouia and Peridinium, both of which are widely distributed 
over the surface of the lake. 

A number of topographical observations were made, and rock speci- 
mens were collected which will add to our knowledge of the geology of tlie 
districts visited. Besides this, representatives of classes and orders of 
animals other than those referred to above were collected. Mr. Moore 
is at present working out the collections at the Royal College of Scienc<‘, 
South Kensington, and the full results will be published in a series of 
papers to be communicated to the Royal and Zoological Societies, and in 
the ‘ Quarterly Journal of Microscopical Science.’ 

The following is a diary of Mr. Moore’s movements while in Africa : — 

Arrived at Capetown on September 21, 1895, and at Durban on Sep- 
tember 28. Left Durban on October 18 (having been detained by the 
loss of a steamer), and arrived at Chinde on November 2. Left Chinde 
on November 4, and arrived at Blantyre, via the Zambesi and Shire 
Rivers, on November 27. Being detained by the war in progress at the 
north-east end of Nyassa, Mr. Moore left Blantyre for Zomba on Decem- 
ber 23, and after an interview with Sir Harry Johnston, to whom Mr. 
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Moore expresses his special indebtedness for assistance and advice, he left 
Zomba again for Blantyre on December 26. On January 1, 1896, he left 
Blantyre for Mtope, on the Upper Shir^ River, and proceeded thence by 
boat to Fort Liwonde. Proceeding up the Shir^ River to Fort Johnston, 
which was reached on January 8, he, through the kindness of Sir Harry 
Johnston, was enabled to embark his men and goods on the gunboat 
‘ Pioneer,’ on which he proceeded up Lake Nyassa, arriving at Karonga 
on February 28. There a further delay occurred, owing to the necessity 
for collecting men for the march across the plateau. On reaching 
Mwein Wanda’s village, 40 miles N.W. of Nyassa, delay arose from fever. 
On recovery, Mr. Moore proceeded to Fwanibo, which was reached on 
March 16. Leaving that place on the 17th, a day’s journey brought 
him to the Chartered Company’s new station at Fort Abercorn, from 
which, after a long day’s march, the south end of Tanganyika was reached 
on March 19. The remainder of Mr. Moore’s time was passed on or 
near the shores of Lake Tanganyika, in visiting places favourable for 
dredging, and in making observations on the topography of the district. 
Several excursions were undertaken into the surrounding country, east 
and west, especially with a view to the study of the remarkable geology 
of the Loofu Valley, the river of which reaches Tanganyika through a 
precipitous gorge, near the south end of Cameron Bay. Mr. Moore 
left Kituta on September 7, 1896, and returned by the same route as he 
went up, reaching Europe on New Year’s Day, 1897. 


Zoology and Botany oj the West India Islands. — Tenth Repoi't of the 

Committee^ consisting of Dr. P. L. Sclater {Chairman') y Mr. 

George Murray {tSecretarif)y Mr. W. Carruthers, Dr. A. 0. L. 

GbNriiER, Dr. D. Shakf, Mr. F. Du Cane Godman, Professor A. 

Newton, and 8ir George Hampson, on the Present State 

of our Knoivledge of the Zoology and Botany of the West 

India Islands, and on taldng Stej^s to investigate ascertained 

Deficiencies in the Fauna and Flora, 

This Committee was appointed in 1887, and has been reapjjpointed 
each year until the present time. 

During the past year the following papers have been published : — 

1. On the Diptera of St. Vincent (West Indies), by Professor S. W, 
Williston (‘Trans. Ent. Soc.,’ London, 1896, pp. 253-446, plates 8-14). 

2. On the Ileteromerous Coleoptera of St. Vincent, Grenada, and the 
Grenadines, by G. C. Champion (‘Trans. Ent. Soc.,’ London, 1896, 54 pp, 
and 1 plate). 

3. On West Indian terrestrial Isopod Crustaceans, by A. Dollfus 
Proc. Zool. Soc.,’ London, 1896, pp. 388-400). 

The Committee hope during the ensuing year to complete their under- 
takings. All the plants collected have either been published or are now 
in the hands of experts. There I’emain a few groups of Insects not yet 
undertaken, and the Committee request reappointment, without a grant, 
to enable them to finish their work, the following to be members : 
Dr. Sclater (Chairman), Mr. G. Murray (Secretary), Mr. F. Du Cane 
Godman, Dr. Sharp, and Sir George Hampson. 

1897. 


fi B 



370 


REPORT — 1897. 


Investigations made at the Marine Biological Laboratory^ Plymouth . — 
Beport of the Committee^ consisthig of Mr. G. C. Bourne {Chair- 
man), Professor E. Bay Lankester (Secretary), Professor S. H. 
Vines, Mr. A. Sedgwick, and Professor W. F. K. Weldon, 
appointed to enable Mr. Walter Garstang to occupy a table at 
the laboratory of the Marine Biological Association at Plymouth 
for an experimental investigation as to the extent and character of 
selection occurring among certain eels and fishes, and to cover the 
cost of certain apparatus. 

The Committee have received the following report from Mr. Gar- 
stang : — 

occupied the British Association table at the Plymouth Laboratory 
during the last Easter vacation, and found the large experimental tank, 
which I had arranged to be built, ready for work. A number of pre- 
liminary experiments upon the relations as enemies and prey between 
certain small shore-crabs and shallow- water fishes were made during my 
tenure of the table, and showed the feasibility of studying the process of 
selection under the semi- natural conditions of a specially constructed 
aquarium. A large number of coloured figures have been made under my 
direction by Miss Willis, to illustrate the course and results of the 
experiments. 

^ My appointment, in May last, as naturalist at the Plymouth Labora- 
tory compelled me, however, to resign my occupation of the British 
Association table, and has temporarily interrupted the progress of the 
work. This, however, will be resumed at an early date, and I hope to be 
in a position to lay the results of the inquiry before the Association at 
the Bristol meeting.* 


The Position of Geography in the Bducatlonal System of the Country . — 
Report of the Committee, consisting of Mr. H. J. Mackinder 
(Chairman), Mr. A. J. Herbertson (Secretary), Dr. J. kScott 
Keltie, Dr. H. R. Mill, Mr, E. G. Ravenstein, and Mr. l^Li 
SowERBUTTS. (Prepared by the Secretary.) 

The holding of the Sixth International Geographical Congress in London, 
in 1895, forcibly drew attention to the position of geography in our educa- 
tional system. Sir Clements Markham, in his eloquent presidential address, 
spoke most impressively of the inadequate manner in which geography 
was treated in our country, and urged the need of altering this. In the 
discussion on geographical education, the British members emphasised the 
statements of the President, and a committee was appointed to draw up a 
resolution on the subject of geographical education. The Committee de- 
cided that any resolution proposed for adoption by an International Con- 
gress should not reflect on the aflfairs of any country, but must deal with 
general considerations applicable to all countries, and accordingly the 
Committee proposed and the Congress passed the following resolution : — 
‘ The attention of this International Congress having been drawn by 
the British members to the educational efforts being made by the British 
Geographical Societies, the Congress desires to express its hearty sympathy 
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with such efforts, and to place on record its opinion that in every country 
provision should be made for higher education in geography, either in the 
universities or otherwise.’ 

At the meeting of the British Association at Ipswich in 1895, the 
president of the Geographical Section, Mr. H. J. Mackinder, Reader in 
Geography at Oxford, discussed the question of geographical education in 
his address — contrasting British and German conditions — and pointed out 
the deficiencies as well as tlie merits of British geographers and teachers 
of geography. Ultimately the Committee responsible for this report was 
appointed to inquire into the position of geography in the educational 
system of the country. 

No report on the position of geography in our educational system can 
be adequate which does not take into account Dr. Scott Keltie’s well- 
known Report to the Council of the Royal Geographical Society published 
as a supplementary paper of the Royal Geographical Society in 1885 (vol. i., 
Part IV.). It has not been thought necessary to discuss fully manv 
matters dealt with in detail in Dr. Keltie’s report, to which readers are 
referred. 

Unfortunately the Committee, owing to there being no funds at their 
disposal, have not been able to undertake a personal inspection of various 
educational institutions at home and abroad, such as that carried out by 
Dr. Keltie. They have had to rely on their individual experiences as 
teachers and examiners in geography, on a comparison of documents relat- 
ing to geographical education published in this and other countries, and 
on numerous correspondents, both at home and abroad, to whom they now 
tender their best thanks for full and courteous replies to numerous 
questions. In addition to those whose communications are printed in the 
Appendix are Professors Kan of Amsterdam, Malavialle of Montpellier, 
Neumann of Freiburg i. B., Penck of Vienna, El is^^e Reclus of Brussels. 

There are obvious disadvantages about this method. Programmes 
reveal the intelligence of their compilers but not the efficiency of those 
who follow them in teaching. A good teacher can succeed in obtaining 
excellent results with a poor syllabus, while an inefficient one may fail to 
educate even when he follows a well- planned course. 

Examination papers show the conceptions of geography held by the 
examiners, yet the teaching may be of a much better or much worse typo 
than the nature of the examiner’s questions would indicate. The personal 
experience of members of the Committee as examiners has been of great 
service in testing how far sound geographical instruction is given in 
different institutions. The previous training of their own pupils is also 
a valuable index of the work done in geography in our schools. 


1 . ELEMENTARY EDUCATION. 

A. ELEMENTARY SOIIOOLS. 

Day Schools. — In Dr. Keltie’s report in 1885, it is stated that ‘ Geo- 
graphy has been made compulsory, and must be taught according to a 
generally prescribed method which, if carried out everywhere with intelli- 
gence and enthusiasm, would be nearly all that could be desired.’ 

Geography unfortunately is now only an optional subject in the 
elementary schools in Great Britain. It may be one of the two possible 
class subjects chosen from a number. Geography is taught in two-thirds 
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of the schools in England and Wales, and about 95 per cent, of those in 
Scotland. In England and Wales in 1894-95, 15,250 schools took 
geography out of 23,027 ; in 1895-96, 15,702 out of 23,075. In Scotland 
in 1894-95, 2,990 schools out of 3,063 ; in 1895-96, 3,018 out of 3,094 chose 
geography as a class subject. 

The syllabuses of geography differ in the two countries. (See 
Appendices I. and III.) 

The English syllabus has not been altered materially since 1885 ; but 
the pupils no longer need to learn the geography of extra-European 
countries, except British Possessions and the United States of America. 

Two alternative programmes are permitted by the Education Depart- 
ment for England and Wales. 

Course A differs little from the ordinary programme, but is better in 
so far as it emphasises the study of climate and of industrial products. 

Course B has nothing about the world as a whole, but home geography 
is taught in Standard II., and the geography of Asia and Africa in 
Standard VII. 

A fourth programme is printed for a combined course in history and 
geography. Geography is taught only in the first four standards — in I., 
II., and III., the syllabus is the same as in the normal course, but the 
geography of Europe and Canada and Australia is prescribed for 
Standard IV. A fifth scheme permits the teaching of geography in 
Standard IV. and higher standards, when other class subjects have been 
chosen in lower standards. 

The Scottish syllabus does not differ greatly from the English ones, 
but includes the ‘Geography of the World in Outline.’ Only one syllabus 
is given in the Scottish Code. 

The syllabus for Irish National Schools (Appendix IV.) lays more 
stress on maps. It is taught in all but the two lowest classes. Physical 
Geography forms a subject in the science programmes of the fifth and 
higher classes, and may be one of two extra subjects for which results 
payments can be claimed. 

. The chief fault of these programmes is that while they permit an 
extension of topographical information they make little provision for an 
increase of geographical power. In them the more advanced classes in 
geography learn about distant lands, but do not necessarily progress in 
their knowledge of geographical principles. This is more important than 
an accumulation of additional facts, and in many of Her Majesty’s 
Inspectors’ reports the lack of this grasp of principles is deplored. 

The reports of Her Majesty’s Inspectors of Schools in England and 
Whales lead us to infer that a gradual, if slow, amelioration is going on 
in elementary school teaching of geography, but that, while ‘ the ordinary 
general facts in the text-books or manuals are generally well got up,’ ‘ the 
information is often too bookish and not sufficiently practical,’ and that 
‘ the want of definite scientific training in some teachers often leads to 
imperfect or erroneous instruction in the important physical aspects of 
the subject.’ 

In Scotland Dr. Ogilvie reports the ‘ schools in which mere strings of 
names and disjointed facts are glibly repeated are getting fewer and 
further between.’ The Scottish inspectors also point out, however, that 
while sufficient attention is paid to topography, the other more educa- 
tional and more practical branches of geography are often badly treated. 

When the geography syllabuses for foreign elementary schools are 
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compared with those of this country, it is found that many recognise the 
need for more advanced geographical teaching in the higher forms. ^ 

Evening Continuation Schools , — Geography is taught in many evening 
continuation schools, and is reported to be an attractive subject. The 
syllabus is given in Appendix VIII. The subject of elementary physio- 
graphy is also taught, but it contains very little physical geography, 

B. THE TRAINING OF ELEMENTARY SCHOOL TEACHERS IN 
GEOGRAPHY. 

The successful teaching of geography in our schools depends not so 
much on sufficient syllabuses or efficient inspection as on projierly trained 
and enthusiastic teachers. 

Primary school teachers have opportunities for studying geography, 
after passing the standards (1) during their apprenticeship at school, and 
(2) in the training colleges. 

England and Wales . — Pupil teachers revise the geography of the world 
in greater detail than in the school classes (Appendices IX. and X.). 
This is the preliminary work necessary before attempting the training 
college entrance examination, known as the Queen’s Scholarship examina- 
tion, which is on a restricted syllabus. 

In England and Wales this teaching is not of a very high standard, 
judging from the examiners’ reports. ‘ The answers to the general 
questions showed that candidates had seldom been taught to group their 
information upon any principle or to lay stress on the connection between 
facts.’ That is to say, the candidates seldom know any geography. 

Yet there are great inducements held out to those who know enough 
geography to gain distinction in this examination. The best candidates 
are rewarded by being ‘ released from the obligation to take up the subject 
again in the training colleges, and are also exempt from it in the 
certificate examinations.’ 

The proportion of students who take geography in the resident 
training colleges is very large, hut this may be due to the enlightened 
views of the principals of these colleges, who may realise the need for 
thorough training in geography of all elementary school teachers, most of 
whom will be called upon to teach it. 

The following table shows the numbers taking geography in their 
certificate examimations. 
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In some of the Day Training Colleges the majority of those who have 
gained distinction in the Queen’s Scholarship examination do not take up 
geography again, but this may, perhaps, be altered, by the new regulations 
admitting geography as an optional subject for the first degree examina- 
tion in the colleges which form Victoria (Jniversity (Appendix XXXIX.). 

* See Appendices V, to VII., giving programmes in Austria, Belgium and France. 
See also Professor Levasseur’s account of Fiench programmes in the Report of the 
Sixth International Geographical Congress^ London^ 1895. 
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The syllabus for the certificate examination varies from year to year, 
but the same paper is set for first and second year students. (See 
Appendix XI.) 

The inspectors’ reports show that the quality of the work depends 
largely on the quality of the teaching in the training colleges. 

In the certificate examinations the subject of physiography may also 
be taken. The syllabus followed is that of the Science and Art Depart- 
ment, which makes physiography equivalent to elementary physical 
science, and therefore a most useful preparation for physical geography, 
but by no means equivalent to it, and not to be confused with it, 

Scotland , — In Scotland the Code for pupil teachers is much the same 
as that in England, but the syllabus of the Queen’s Scholarship examina- 
tion is more general. (See Appendices XII. and XTII.) 

The Scottish inspectors report that. the ‘attention given to climate and 
productions is inadequate,’ and that the text-book apparently is still 
the only geography book of many candidates. 

The standard of this examination is much higher than that in England 
and Wales, for the Royal Geographical Society continues to give prizes 
and certificates to the best candidates in Scotland, but not in England 
and Wales. 

Perhaps this explains why the attention given to geography in the 
Scottish training colleges is so perfunctory, and why a smaller percentage 
of candidates take geography in their certificate examinations in Scotland 
than in England, for the rule excusing the better geographical students 
from a further study of geography is in force in both countries. 

The Committee have been informed that the pupils in most Scottish 
Training Colleges, whether they study geography necessarily or voluntarily, 
do so by themselves. Their work, however, is prescribed by a master, 
who sets an examination paper at intervals, and afterwards criticises the 
work done by the students in these examinations. 

In the Scottish Code the subject is called ^ Geography and Physio- 
graphy,’ and physiography is regularly taught in the training colleges. 
This is obviously inadequate geographical training. The syllabus is given 
in Appendix XIV. 

Ireland , — In Ireland monitors have to study additional geography to 
that of the class in which they are enrolled (Appendix XV.). The entrance 
examination to the Training Colleges contains little or no physical geo- 
graphy. Geography must be studied during the first year at the Training 
College, but is not a necessary subject of the second year’s ’Course for 
those who make 60 per cent, in the examination in geography ao the end 
of the first year (Appendix XVI.). 

In Ireland, even the Inspectors and their assistants must pass an 
examination in geography (Appendices XVII. and XVIII.). 

Other Countries . — In foreign lands teachers are usually more syste- 
matically trained in geography, and programmes of their course of study 
are given in Appendices XIX. to XXI. 

2 . SWONBAEY EBVGATION. 

A. SECONDARY SCHOOLS.' 

England. — In England we do not possess the guides to the position of 
geography in secondary schools which could be followed in the case of 
primary schools. Secondary education is still in an unorganised condition, 

' The Public Schools are included in the term Secondary Schools. 
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and every variety of geographical education can be met with, for geo- 
graphy is actually not taught in some schools, while in a very few cases 
it may be looked upon as the central subject of the curriculum. 

Several members of the Committee have had considerable personal 
experience in conducting examinations in geography for secondary school 
pupils. The Geographical Association, founded by secondary school- 
masters interested in the teaching of geography, has been good enough to 
place at the Committee’s disposal the correspondence which was received 
in a rocent enquiry made by them concerning geography in secondary 
schools. Selections from this correspondence show what different treat- 
ment is meted out to geography in different schools. The brief and 
pointed letter of one headmaster maybe quoted here: ‘Dear Sir,— We 
have no army candidates and I have no interest in geography, yours truly, 
and contrasted with that of another master, who wrote : ‘ Person- 
ally, I found all my teaching, historic, literary, &c., on geography, and 
the results are most encouraging.’ 

It is impossible, therefore, to form an accurate account of the position of 
geography in secondary schools in England except by personal inspection. 
In a few it is adequately recognised and admirably taught, in some it is 
completely neglected, in the majority it is given to a master who has had 
no training and often has no interest in the subject. 

As there is no authoritative body dealing with such schools in 
England, the Geographical Association consider that the best way to 
improve the position and teaching of geography in the existing conditions, 
is to improve its position and quality in public examinations. Accordingly 
a number of suggestions have been submitted to about three hundred 
secondary schools for critic;ism, but only one-third have taken any notice 
of them. (Appendix XXIIa.) 

These replies have furnished the basis of a series of recommendations 
which have been sent to the examining bodies affecting secondary schools. 
(Appendix XXIIn.) 

The examinations affecting secondary schools are those admitting to 
the universities, the professional colleges, or different branches of the 
national service — military, naval, civil — the University Local Examina- 
tions and the Examinations of the College of Preceptors and the Society 
of Arts. 

In some of the university and college entrance examinations geography 
has a place in the examination paper in English, but in most cases it is a 
very unimportant part of it. (See Appendix XXIII.) 

Geography has a prominent place in many of the examinations con- 
ducted by the Civil Service Commissioners, but in some of the higher 
examinations it should be awarded more marks ; for instance in the 
Army Entrance examination, as is mentioned in the memorial of the 
Geographical Association, which points out, however, that the style of 
questions set in these examinations is improving. 

In the University Local Examinations ‘geography is a subject both 
for the J unior and the Senior Certiticate, and there has recently been 
established a more ambitious scheme for the higher certificate.’ 

The Oxford and Cambridge J oint Board conducts the examinations of 
schools such as the Public Schools and the Girls’ High Schools. ‘ In the 
Higher Certificate Examination, Geography only comes in as incidental 
to the examination in History.’ Physical Geography and Elementary 
Geology forms, however, an optional subject in this examination. Geo- 
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graphy may be taken as an independent subject of examination for the 
Junior Certificate, but is not compulsory. (See Appendix XXIV.) 

The College of Preceptors conducts examinations in schools either on 
a syllabus drawn up by the college or by the school. In the former case 
no geography is required in the first and second grades, but for the third 
and fourth grades a syllabus is given. (See Appendix XX Va.) 

Schools may be examined in extra subjects, of which physical geo- 
graphy may be one or the geography of two continents another. 

It is an optional subject in the professional preliminary examination 
conducted by the College of Preceptors (Appendix XX Vc.) ; but no com- 
mercial geography is required for the commercial certificate. 

In the certificate examinations of the College of Preceptors candi- 
dates, in addition to other subjects, must choose one of the three — 
English, History and Geography ; but all may be taken. The out- 
line of requirements seems to indicate that topographical and political 
geography is all that is neces.sary ; except for first-class certificates, where 
‘ Geography, Political, Physical and Mathematical,’ is the title employed. 

The Society of Arts conducts examinations in geography which are 
taken advantage of by many schools. 

Wales. — Mr. F. W. Phillips, Headmaster of the Newport Intermediate 
and Technical School, writes : ‘ Geography is an obligatory subject in all 
intermediate schools, to the extent that it must be introduced into the 
curriculum somewhere or another. This does not necessarily imply that 
every form in the school will take it, for the letter of the regulation, though 
perhaps not the spirit, would be complied with if but one form did so. 
Generally speaking, it might be taken for granted that it will be attended 
to in the lower school in all cases. 

‘ Its fate in the upper school will depend upon : — 

‘ {a) The extent to which the different departments of the upper school 
are developed * 

‘ (If) The ultimate attitude of the Universities towards the subject. 

‘The development of departments will vary with the si/e of the school. 
The final development would give at least three strong departments, 
classical, science and commercial, each of which would be represented by at 
least one form, called, say, the Classical Sixth, the Science Sixth, and the 
Modern Sixth. If the school be very strong there might be three corre- 
sponding fifth forms. But, for the moment, take the three Sixths inta 
consideration. Will they do geography ? 

‘The Modern Sixth. Yes, certainly, a course of commercial geography. 

‘ The Science Sixth. Hardly, unless there were some distinct encourage- 
ment for scientific geography in the chief science scholarships. 

‘The Classical Sixth. Not unless the subject be made a possible one 
for university matriculation, or unless it were allied with history in 
scholarship examination.’ 

Scotland.-- Secondary education is somewhat better organised in 
Scotland than in England. The academies and high schools prepare their 
advanced pupils for the leaving certificate of the Scottish Educjxtion Depart- 
ment or for the preliminary examinations of the Scottish Universities. 

In the examinations both of the Education Department and of the 
Universities geography occupies a subordinate place in the examination 
in English. 
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The position of the Scottish Education Department has been clearly 
defined as follows : — 

‘ With regard to history and geography, niy Lords have little to add to 
the remarks which they have made in previous years. These subjects 
enter largely into the curriculum of many schools ; they are required by 
many of the bodies by whom the leaving certificate is recognised, and my 
Lords are unwilling to do anything which would discourage the con- 
tinuance of such instruction. They endeavour to give a wide option in 
the questions set, and to afford opportunity to all who have not entirely 
neglected the subjects to show a knowledge of them in some branch or 
other. More than this they have not demanded, and do not propose to 
demand, as a necessary condition of a pass, but more extensive knowledge 
will receive ample recognition.’ * 

Candidates must answer one question, and a second question may be 
attempted, if desired, in the lower grade examination, while two ques- 
tions must be answered, and three may be attempted, in the higher grade 
examination. Full marks can be obtained for honours grade certificates 
without any question in geograpliy being answered. (Appendix XXVTl.) 

‘ The geography is in general faulty, and there is rarely evidence that 
this subject is taught in any methodical way, or presented to the pupils 
in such a manner as to make a vivid impression upon tliem.’ ^ 

In the preliminary examinations for the Scottish Universities two- 
questions in geography have to be answered in one of the papers in 
English for Arts and Science students, but only one question is compulsory 
for medical students. (Appendix XXVI.) 

In the Edinburgh University Local Examinations elementary history 
and geography form one compulsory subject in the preliminary, geography 
and physical geography two optional subjects in the junior, geography an 
optional subject in the senior, and commercial history and geography a 
compulsory subject in the commercial certificate examinations. 

Ireland . — Geography forms part of the paper set in the examinations 
of Irish intermediate education. The reports of the examiners in recent 
years indicate that some knowledge of topography is taught, especially of 
the British Isles, but questions on physical geography are rarely well 
answered. (See Appendix XXVIII.) 

Geography is also a part of the entrance and some Scholarship exami- 
nations of Trinity College, Dublin (Appendix XXIX.) ; and one question 
is usually set in this subject in the entrance examinations of the Royal 
University (Appendix XXX.). 

Other Countries . — In Dr. Keltic’s report detailed accounts are given 
of the position of geography in the secondary education system of foreign 
countries. Since then some of the programmes have been modified, some 
for the better, others for the worse. 

In Franco geography is taught in every class of the Lycees, and the 
new programmes are given in Appendix XXXII. Professor Levasseur’s 
paper, read to the Sixth International Geographical Congress, gives a 
useful comparison of old and new programmes. 

In Prussia geographers complain of a retrograde movement in the last 


’ HepoTt for 181)5, hj Henry Craik, Esq, C.B., on the ‘Inspection of Higher 
Schools and the Examinations for Leaving Certificates,’ p. 192. 

* Ib. p. 182. 
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programme, especially in placing political before physical geography ; and 
the German philologists and schoolmasters have passed a resolution 
demanding that geography should be taught in every form or class of the 
Gymnasium. Other German States have not followed the Prussian 
authorities in this. 

In the United States of America a committee of ten appointed by the 
National Education Association to enquire into secondary school studies 
have recommended that physical geography should receive three hours' 
teaching per week in the first year of secondary schools (age 1 4-1 5). In the 
fourth year, in all save the classical forms, physiography, in the American 
sense of the word (i.e. geomorphology), is suggested as an alternative with 
geology for three hours' work per week. The committee which advised 
the committee of ten about geographical education have unfortunately 
neglected advanced geography, except in its physiographic or geomorpho- 
logical and meteorological aspects. 

B. TRAINING OF SECONDARY SCHOOL TEACHERS 
IN GEOGRAPHY. 

United Kingdom . — Our secondary schools need trained teachers in 
geography far more than elaborate programmes. If the training of ele- 
mentary school teachers leaves much to be desired, it is due not so much 
to lack of organisation as to deficiencies in the ideals of the responsible 
authorities. The secondary school master and mistress have had very little 
chance hitherto of learning any geography, except privately or by going 
to foreign institutions. The most important educational work in the 
immediate future is the provision of proper geographical training for 
secondary school teachers, a training which will enable them to read maps 
and think geographically, and not merely to read and reproduce the 
words of a text-book, to regard geography as an interpretation of a living 
world and not a catalogue of positions or definitions of directions. 

Most secondary school teachers in this country and abroad are trained 
in the^ universities. But only two universities in the United Kingdom 
recognise geography as an optional subject for the ordinary degree, wliile 
a third has made it a minor subject necessary for a degree in History. In 
none has it the position it occupies in tlie majority of even the smaller 
Continental universities. There are facilities for learning some geography 
at Oxford and Cambridge, and, to a sliglit extent, at the University Colleges 
of England and Wales, as is noted in the next section of this report. 
But it is to be regretted that so few masters and mistresses in our second- 
ary schools have been trained in modern geographical ideas and methods. 

Other Countries — The German geographers, at their last biennial con- 
gress at Jena in 1897, protest most strenuously against the deterioration of 
geographical teaching in Prussia in recent years, owing to the new regula- 
tions which permit masters untrained in geography to teach it — the normal 
condition in the United Kingdom. On this matter Dr. H. Wagner, of Got- 
tingen, says in his report of the proceedings of this Congress in the ‘ Scottish 
Geographical Magazine ' (June 1897) : ‘Besides the fact that the weekly 
lessons in geography in the upper classes have been curtailed, a greater 
evil lies in the practice of the heads of educational institutions to intrust 
the teaching of geography to masters who have never studied the subject 
at the university, or submitted their knowledge of this branch of learning 
to the test of an examination. Dr. Fischer gave ample proofs of this from 
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^atistics relating to the numerous schools of Berlin. Being convinced 
mt the higher school boards are not fully acquainted with this untoward 
.ate of matters, or do not properly realise its consequences, the Geo- 
raphical Congress resolved that Dr. Fischer’s paper should be sent to all 
le high schools of Germany.’ But it must be borne in mind, as Dr. H. R. 
[ill points out in his report (‘Geographical Journal,’ June 1897), that 
this does not mean that they [the teachers uncertiticated in geography] 
[•e not without a competent general knowledge of the subject, probably 
Btter in all cases than that possessed by even the more intelligent 
nglish teachers.’ 

The conditions have not gone backwards in all German States. The 
dlabus of geographical studies necessary to teach geography in the 
ymnasia of Austria and Baden are given in Appendices XXXIII. and 
XXIV. 

In Belgium the teacher of geography in an Atln^nde is a doctor in 
istory and geography (Appendix XXXV.). 

In the French Lyc^es, too, the teacher is usually an agr^ge in history 
id geography. The syllabus for the agregation for 1896 is quoted in 
ppendix XXXVI. 


3. IIIGUER EDUCATION. 

Universities and University Colleges. 

England and Wales . — In the United Kingdom there is one professor 
id two lecturers in geography. The professorship is in King’s College, 
ondon. There has been a reader in geography at Oxford for ten 
jars, and a lecturer at Cambridge for eight years. In the Victoria 
niversity geography is taught by the geologists and economists, while 
r five years an independent lectureship in geography existed at the 
wens College, which was merged in that of political economy owing 
I lack of funds, and not lack of interest. In the other university 
lieges of England and Wales geography is taught to training college 
udents who have not done well in that subject in the Queen’s Scholar- 
lip examination, usually by the Master of Method, and in Birmingham 
r the Professor of Geology. 

In Cambridge geography is now a compulsory part of the Historical 
[•ipos (Appendix XXXVII.). 

After ten years’ experience of geographical teaching Oxford has 
solved to make the readership in geography permanent, and geography 

recognised as an optional subject in the B.A. degree (Appendix 
XXVIII.). 

Victoria University now makes geography an optional subject in its 
‘st (preliminary) examination for tho B.A. and B.Sc. degrees. An 
itline of the requirements of candidates will be found in Appendix 

XXIX. 

Ecoiland and Ireland . — These institutions do not recognise geography 

a subject of university rank, and deal with it only in their entrance 
.aminations (and in the case of St. Andrews in the L.L.A. examinations, 
r which, however, study at a University is not required). 

In Scotland this is due to no indifference on the part of the Scottish 
lOgraphers, for the Royal Scottish Geographical Society, supported by 
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several professors, have made strong representations to the University 
Commissioners, who have recently remodelled the regulations of the 
Scottish universities (Appendix XLIL). 

University Extension Courses. 

In England and Wales the university extension lecture system has 
done something to help teachers of geography in various centres. In 
189h-97, 4 courses of 25 lectures by London University Extension Lec- 
turers, 5 of 12 lectures by Cambridge University Extension Lecturers, 
4 of 6 lectures by Oxford University Extension Lecturers, and 1 of 12 
and 1 of 10 lectures by Victoria University Extension Lecturers — in all 
206 lectures. 


Other Institutions. 

In the London School of Economics, in the Heriot-Watt (Technical 
and Commercial) College, Edinburgh, there are lecturers in geography. 
The London Chamber of Commerce and other bodies have aided in the 
extension of geographical knowledge. The number of professional colleges 
and schools teaching applied geography is small, although the specialised 
branches of the subject ought to be dealt with in such institutions and 
not in the ordinary schools. The absence of Commercial (Geography 
from the courses of many Higher Commercial Institutions is greatly to be 
deplored. 


Foreign. 

In the April number of ‘ Pctermarin^s Mitteilungen,’ there is a list of 
classes held and lectures being delivered at the universities and higher 
schools in the German Empire, and the German parts of Austria 
and Switzerland, on geography and allied subjects during the summer 
session of 1897. From this list it appears that 85 professors in the 
German Empire, 20 in Austria, and 9 in vSwitzerland are engaged in such 
work, and if we omit the courses in geology and meteorology, and general 
courses in statistics, anthropology, and ethnology, we find 51 professors in 
the German Empire, 11 in Austria, and 5 in Switzerland, giving courses 
in subjects that may be held as belonging more strictly to the domain of 
geography, the number of courses being 98, 17, and 16 respectively. . . . 
It would shed an instructive light on the difference of the estimation in 
which geography is held as a branch of the high(;r education in this 
country if we had for comparison a similar list for the United Kingdom, 
and in the absence of such a list it may be worth while to point out 
that in the list of the University Extension summer courses, given in 
the April number of the ‘ University Extension Journal,’ there are only 
5 geographical courses, and even if we double this number so as to take 
into account the classes held after lectures ... we have only 1 0 summer 
courses in England (in addition to any university courses that may be 
going on), to compare with the 131 courses in German Europe.' 

In the ‘ Geographisches Jahrbuch’ for 1896, the following are the 
numbers of geographical chairs and lectureships in the universities and 
colleges of the chief countries : — France, 41 ; German Empire, 35 ; Austria, 
16 ; Italy, 16 ; Russia, 15 ; Belgium, 7 ; Switzerland, 7 ; United JCingdom, 
5. The lecturers in the university colleges should perhaps be added to the 
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number for the United Kingdom, which would then be raised. But it is 
better to deduct every teacher in the foreign institutions who has 
more than geography within his province, even though it be meteorology 
or ethnography, geology or history ; then the figures are — for the German 
Empire, 31 ; France, 28 ; Austria, 16 ; Italy, 11 ; and the United King- 
dom, 5. These figures do not include geographers such as Professors do 
Lapparent and Levasseur in France, Oberhummer in Germany, Boyd 
Dawkins and Lapworth in England, whose chairs combine geography with 
other subjects. 

The position and nature of geographical work in Austrian and Belgian 
universities is noted in Appendices XL. and XLI. 


4 . GEOGUArillCAL SOCIETIES AND PUBLICATIONS . 

Any report on the position' of geography in the educational system of 
the country would be incomplete if it omitted to notice the excellent work 
being done by the five British geographical societies. All of these, by 
their lectures and publications, have done much to spread an interest in, 
and true knowledge of, geography throughout the country. 

They have supported the better teaching of geography in our schools 
and colleges, by giving awards, subscriptions, and other encouragement. 
The Royal Geographical Society has trained many explorers. The lecture- 
ships at Oxford and Cambridge are due to the initiative and hitherto 
largely to the financial support of the Royal Geographical Society, and the 
independent lectureship at the Owens College, Manchester, was main- 
tained at the joint cost of the Royal and the Manchester Geographical 
Societies. 

Short statements of the educational work done by British geographical 
societies are given in Appendix XLII. 

In the last anniversary address to the Royal Geographical Society 
(‘ Geographical Journal,’ June, 1897), Sir Clements Markham, the Presi- 
dent, outlined some of the educational schemes of the society : — 

(a) The Training of Explorers . — ‘ A diploma is to be granted to those 
pupils of Mr. Coles who have gone through a complete course of instruc- 
tion, and whose sufficiency is certified to by a committee, consisting of the 
instructor and two members of our Council.’ 

(h) The, Training of Teachers . — ‘ The Council has now resolved to give 
a large measure of support, out of the Society’s funds, to a London School 
of Geography, if such an institution should be successfully established 
under Mr. Mackinder’s auspices. Our plans have been altered, as we 
acquired experience, but our aim has always been the same — to train 
good geographical teachers, and to promote the teaching of geography on 
a sound basis in our secondary schools and universities.’ 

The number of geographical societies in the United Kingdom is small, 
5, when compared with 26 in France, 21 in Germany, 10 in Russia and 
5 in Switzerland. The membership in the British societies is large, 
but the Royal Geographical Society has more than half the total number 
of members of the British societies. Of the 153 geographical publications 
which appear regularly, 48 are in French, 42 in German, 15 in English 
(6 American, 5 British, and 4 Australian), 12 in Russian, &c. 

In Germany, France, Switzerland, and Italy, National Geographical 
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Congresses are held. The Geographical Section of the British Association, 
perhaps, may be compared with them, and it has undoubtedly helped 
greatly in spreading an interest in geographical science. 


6. CONCLUSION. 

In this report the questions of methods of teaching geography, the 
importance of good maps and appliances, the need of open-air and museum 
teaching as well as of frequent excursions, are not discussed, although in 
the improvement of our methods lies much of the hope for the future. 
At present, in the minds of many people, including some of our educa- 
tional authorities, there is a very vague conception of the scope of 
geography and its educational value. We lack geographical traditions in 
the British Isles, and will continue to be without them as long as our 
teachers of geography are mainly self-taught or trained in different 
foreign schools. 

Elementary Education . — In all elementary schools geography should be 
made a compulsory subject, and the syllabuses of the different standards 
modified as has been suggested on page 37 2 ; while instructions to inspectors 
(see Appendix II.) should be improved, and embody loftier educational 
ideals, such as those so admirably outlined in the ‘ Instructions, Pro- 
grammes et B^glements. Enseigiiement Hecondaire,’ issued to teachers 
by the French Education Department in 1890 (pp. 89 to 104). 

But the position of geography in our elementary schools could be very 
much improved, without altering the present syllabuses, if properly 
trained teachers in geography and a satisfactory equipment of geographical 
apparatus could be found in every school. 

The first requirement for the progress of geography is that the teachers 
themselves should be interested in the subject, and that they should be 
given the means of a thorough geographical education in the training 
colleges. Geography is, next to English, the most commonly taught sub- 
ject under the present system, and therefore every elementary school 
teacher should have a thorough grounding in modern geographical methods 
and ideas. Its importance in the elementary school warrants its being 
a compulsory subject in every year of the training college curriculum. 
The spirit of the teaching, both in school and in college, should be 
‘ education through geography,’ the summary of the French work just 
mentioned. 

Secondary Education . — The utilitarian as well as the educational 
value of geography should ensure its being taught in every class and 
form of our secondary schools, as is the case in France. Most subjects 
taught in school have a geographical side, and are made more intelligible 
by a knowledge of geography on the part of teacher and scholar ; and 
geography should have an assured and independent place in every entrance 
examination to universities or professional colleges. 

All secondary school teachers, however, will not need to teach 
geography, and so all need not be geographers. Those who liave charge 
of the geography classes, however, should have had an adequate geo- 
graphical training, preferably at one of our universities. 

Higher Education . — In our universities geography should have its due 
place, equivalent to that of any other university subject now fully recog 
nised. For degree examinations it should be an optional subject, both in 
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arts and science. It should be compulsory for some students in a minor 
standard, for instance, for students reading for honours in history, or 
anthropology and ethnology, or economics or geology. Teachers of geo- 
graphy in the lower classes of secondary schools should have passed in 
geography in this lower standard, while those responsible for the teaching 
of geography in the highest classes should have taken honours in 
geography. The universities should therefore provide the skilled teaching 
and efficient equipment that are necessary for a subject regarded as of 
first-rate importance by nearly every first-class university outside the 
English-speaking lands. 

In all technical, commercial, and professional schools, general as well 
as applied geography should have a more prominent place in the cur- 
riculum than it occupies at present, both from an educational and 
utilitarian point of view. This is of special importance in the case of com- 
mercial colleges at a time when the competition for the markets of the 
world is becoming very kc'en, and every little advantage of superior general 
knowledge, such as economic geography, properly taught, can supply, counts 
for much. 

The Chairman of the Committee was unfortunately prevented from 
attending the meetings of the Committee after the first one, and Mr. 
Sowerbutts was unfortunately too ill to be present when the final report 
was considered. Both members, however, have had an opportunity of 
revising the report. Mr. Sowerbutts wishes to lay even greater emphasis 
on the importance of Commercial Geography for a commercial nation. 


APPENDICES. 

Note. — In addition to the appendices given here the reader is referred 
to the numerous programme's, examination papers, and opinions on geo- 
graphy printed with Dr. J, Scott Keltic’s Report on Geographical Educa- 
tion. 

An admirable account of the position of geography in the educational 
system of France was given by Professor Levasseur to the Sixth Inter- 
national Geographical Congress in 1895. See Report of Congress^ 
pp. 27-71. 

Professor du Fief gives a similar account, applicable to Belgium, in 
the ‘ Bulletin de la Socidt^ royale beige de Geographic,’ xvi. 

Professor H. Wagner’s papers on * Methodik und Studium der 
Erdkunde ’ in the ‘ Geographisches Jahrbuch ’ should also be consulted. 

Some recent papers on Geographical Education were reviewed, in the 
‘Scottish Geographical Magazine ’for 1896, by Mr. A. J. Herbertson, 
and those containing bibliographical notes were specially mentioned. 

A small volume for the use of teachers, ‘ Hints to Teachers and Students 
on the Choice of Geographical Books ’ (Longmans, 1897) has been com- 
piled by Dr. H. R. Mill. 
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Geoguaphy ; 


Altkuvative CoimsKS : 
Course A * 


Course B • 


Course C. Geography 
Hiul History com- 
bined. 


Alternative Course in 
Geograpbyfor Schools 
which take other 
class subjects in the 
lowest three Stan- 
dards. 


1 . ELEMENTARY EDUCATION. 

I. — The Day School Code, 


Standard I. 

Standard II. 

Standard III. 

A plan of the school 
and playground. The 
four cardinal points. 
The meaning and use 
of a map. 

The size and shape of 
the W'orld. Geogra- 
plucal terms simply 
explained, and illus- 
trated by reference 
to the map of Eng- 
land. Physical geo- 
graphy of hills and 
rii'crs. 

Physical and political 
geography of Eng- 
land, with special 
knowledge of tlie dis- 
trict in which the 
school is situatal. 

Plan of school and 
playground Mean- 
ing and use of a map. 
The cardinal points. 

Size and shape of the 
world. Geographical 
terms simply ex- 
plaiiKxl Physical geo- 
graphy of hills and 

1 Ivors, illustrated by 
refeience to the map 
of England, 

Physical, political, and 
industrial geography 
of England, witli 
special knowledge of 
the district in which 
the school is situated. 

Plan of school and 
playground. Mean- 
ing and use of a map. 
The cardinal points. 

Home geography, e.g. 
roads, nvers, and 
chief buildings of the 
district, illustratcsl 
by a map, and by the 
map of England. 

General geography of 
Euglaud and Wales, 
and means of com- 
munication by land 
and water. Chief 
industries and pro- 
ductions of the dis- 
trict in which the 
school is situated. 

Plan of school and 
playground. Mean- 
ing and use of a map. 
The cardinal points. 

The size and shape of 
the world. Geogra- 
phical tcims simply 
explained and illus- 
tmted by reference 
to the map of Eng- 
land, Physical geo- 
graphy of hills and j 
rivers. 1 

i 

Physical and political 
geography of Eng- 
land, with special 
knowledge of the dis- 
trict in wliioh the 
school is situated. 
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A. ELEMENTARY SCHOOLS. 
England and Wales, 1897. 


standard IV. 

Standard Y. 

Standard VI. 

Standard VII. 

Physical and political 
geography of the 
British Isles, and of 
British North 
America or Austra- 
lasia, with know- 
ledge of their pro- 
ductions. 

Geography of Europe, 
physical and politi- 
cal. latitude and 
longitude. Day and 
night. Tho seasons. 

The British Colonies 
and dependencies. 
Interchange of pro- 
ductions. Circum- 

stances which deter- 
mine climate. 

The United State*, Tides 
and chief ocean cur- 
rents. 

Physical and political 
geography of Scot- 
land and Ireland and 
of the United States 
of America. Day 
and night. The air, 
mists, fogs, clouds, 
ram, frost, wind, and 
the special circum- 
stances which deter- 
mine climate and 
rainfall in the British 
Islands. 

Physical and political 
geography of Europe. 
Industries and pro- 
ductions of its several 
countries. Latitude 
and longitude. The 
seasons. 

Physical and political 
geography of Aus- 
tralia, New Zealand, 
Canada, and the 
South African 
colonies, India and 
Ceylon. 

Climate as affected by 
latitude, altitude, 

rainfall, forests, 
nearness to the sea, 
ocean currents, and 
jirevailing winds. 

The general arrangement 
of the planetary system. 
The sun. The moon 
and its phases. The 
tides. Eclipses. 

General geography of 
Scotland, Ireland, 
Canada, and the 
United States, with 
special reference to 
the interchange of 
productions between 
those countries and 
Ungland. 

General geography of 
Europe, with special 
reference to the com- 
mercial relations be- 
tween the countries 
of the Continent and 
Great Britain. 

General geography of 
Australia and British 
India, with special 
reference to the in- 
dustries of those 
countries, and to 
their commercial re- 
lations with Great 
Britain. Colonisation. 

General geograpliy of 
Asia ami Atriea, with 
special nlerence to 
their productions and 
tra<le. Colomsatiou and 
tho conditions of suc- 
cessful industry in 
British possessions 
genei.illy. 

Geography of Europe 
generally, and of 
either Canada or 
Australia. 




Geographical terms 
Kimply explained and 
illustrated by refer- 
ence to tho map of 
England, and to sonic 
of the leading coun- 
tries of the world 
selected by tho 
teacher. 

Physical and political 
geography of the 
British Isles. 

Physical and political 
geography of Aus- 
tralia, Canada, and 
South African colo- 
nies, India and 
Ceylon. 

Four of the chief lines 
of communication be- 
tween Great Britain 
and other centres of 
commerce. 

Latitude and longitude. 

Tho British Colonies and 
(lopeudencies. The inter- 
change of productions 
between Great Britain 
and her colonies and 
the Unitc<i States. 

The seasons. 


c c 


1897. 
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II.— Eevised Instructions to H.M. Inspectors. England and 
Wales, 1897. 

32. To obtain the mark ‘ good ' for Geography the scholars in Stan- 
dard V. and upwards, not being half-timers, should be required to have 
prepared three maps, one of which, selected by the Inspector, should be 
drawn from memory on the day of inspection. Such maps, if of any part 
of Great Britain and Ireland, should be accompanied by a scale of miles^ 
and if of large and distant countries by the lines of latitude and 
longitude. Geographical teaching is sometimes too much restricted 
to the pointing out of places on a map, or to the learning by hcaPt 
of definitions, statistics, or lists of proper names. Such details, if they) 
form the staple of the instruction, are very barren and uninteresting. 
Geography, if taught to good purpose, includes also a description of tlio 
physical aspects of the countries, and seeks to establish some associations 
between the names of places and those historical, social, or industrial facts 
which alone make the names of places worth remembering. It is espe- 
cially desirable, in your examination of the Fourth and higher Standards, 
that attention should be called to the English (sic I) Colonics and their 
productions, government, and resources, and to those climatic and other 
conditions which render our distant possessions suitable fields for emigra- 
tion and for honourable enterprise. In order that the conditions laid 
down for the geographical teaching of the lower classes may be fulfilled, a 
globe and good maps, both of the county and of tlio parish or immediate 
neighbourhood in which the school is situated, should form part of the 
school apparatus, and the exact distances of a few near and familiar places 
should be known. It is useful to mark on the floor of the schoolroom the 
meridian line, in order that the points of the compass shall bo known in 
relation to the school itself, as well as on a map. 

III. — Code of Eegulations for Day Schools in Scotland, 1897. 


- 

Standard I. 

Standard II. 

Standard JII. 

Standard IV. 

Standard V. 

Staudaid VI. 

Geogruph} 

To plain a 
plan of the 
school and 
playground. 
The four 
cardinal 
points. The 
meaning 
and use of 
a map. 

The size and 
shape of tlie 
world Geo- 
graphical 
terms sim- 
P 1 y e X - 
plained, and 
illustrate*! 
by reference 
to the map 
of Scotland. 
Physical 
geography 
of hills and 
rivers. 

Physical and 
political 
geography 
of Scotland, 
with special 
knowledge 
of the dis- 
trict in 

which the 
school IS 
situated. 

The physical 
and political 
geography 
of tlie Bri- 
tish Isles. 

The phy sical 
and politi- 
cal geo- 

giaphy of 
Euiope, 
with British 
North Am- 
erica and 
Australasia. 

Tlu' geo- 

graphy of 
the woildiu 
outline, and 
in more de- 
tail Europe 
ami the 

British Co- 
lonies. Some 

elements of 

phy.sioal 

geography. 


IV. — Programme op Instruction and Examination for Pupils op 
National Schools, Ireland. 

First and Second Class. — N o geography. 

Third Class. — 6. Geographi/. To know the outlines and leading 
features of the Map of the World. 
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rouRTii Class. — 6. Geography, (a) To know the ordinary geographi- 
cal definitions of the physical divisions of land and water. (6) To be 
acquainted with the Maps of the World and Ireland.^ 

Fifth Class, First Stage. — 6. Geography, {a) To understand longi- 
tude, latitude, zones, &c. (i) To know the Map of Europe and Map of 

Ireland. 

Fifth Class, Second Stage. — 6 . Geography, (a) To understand longi- 
tude, latitude, zones, &c. Q)) To know the ]\Japs of the Continents, 

(c) To be acquainted with the geography of Ireland. 

Sixth Class. — 6. Geography, (a) To be ac(j[uainted with the elements 
of mathematical and physical Geography. (6) To draw from memory an 
outline map of Ireland, (c) To know the geography of Great Britain 
and Ireland, India, and the British Colonies. 


Science Programmes for Pupils of Fifth. Class and Higher. 

Physical Geography. 

First Examination. — Distribution of land and water — zones— cli- 
mates— temperatures. Mountains- table lands — plains — deserts. 

Second Examination. — Rivers — lakes — tides and currents — atmo- 
sphere, its properties and uses— reflection and refraction of light by atmo- 
sphere — evaporation — clouds- rain — dew— hail — winds, three kinds of — 
hurricanes- cyclones — typhoons — hot winds — distribution of plants and 
animals — relation of horizontal and vertical distribution — different races 
of men and how distributed. 


V. — Programmes in Austrian Elementary Schools. 

Elementary Schools with Five Classes. 

Scheme : Knowledge of the child’s Home Region and Native Land. 
General knowledge of Europe and the Earth. 

III. Homo lore, starting from the School. Fixing of the most 
important geographical principles. 

IV^. Lower Austria. Survey of the Austro-Hungarian iMonarchy. 
Typical geographical character sketches. 

V. The Austro-Hungarian Monarchy. The essential and most useful 
facts of the political divisions of Europe. The Globe and its surface. 
Pertinent geographical character sketches from reading-book. Map 
drawing. 


Programme of Geography in the Austrian ‘ Burgerschule ’ with Three Classes. 

General Idea of Course . — Knowledge of the most important sections 
of Matliematical and Physical Geography. 

A general knowledge of Europe and the other Continents. 

A special knowledge of the Austro-Hungarian Monarchy, Industry, 
Trade, while attention must be paid to the mutual movements of the 
people and the characteristic products of the countries. 

* The map of the county in which the school is situate may be substituted for the 
map of Ireland in the Fourth Class. 


c c 2 
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First Class. — Elements of Mathematical Geography ; horizon ; 
directions. Form and size of the earth. The Globe (meridians and 
parallels, geographical longitude and latitude). Rotation of Earth. 
Day and Night. Revolution of Earth. The Seasons. 

Elements of Physical Geography. — General sketch of the different 
parts of the Earth and their horizontal and vertical distribution, with 
especial attention to Central Europe. The Native Land. Map drawing. 

Second Class. — Revision of work done in Class I. The Moon. 
Eclipses. General sketch of the world, its political divisions, especially 
of the Austro-Hungarian Monarchy. ^ Culturbilder.^ Map drawing. 

Third Class. — Revisal of Mathematical Geography. The Solar 
System. Thorough study of the Austro-Hungarian Monarchy and its 
relationship to other lands, with special attention to industry and 
commerce. General comprehension of Political Geography. ‘Culturbilder.’ 
Map drawing. 


VI.— Official Programme for Primary Schools, Belgium 
(from December 28, 1884). 

Elementary Course. 

1. The cardinal points ; method of orientation by observing the 
position of the sun. Exercises. Tlie intermediate points. 

2. Plans , — The class-room, the school, the .street, the land covered with 
buildings, the commune : {a) teaching how to read the plan ; (/>) how to 
draw it : 1st, the chief parts of the plan ; 2nd, the cardinal and then the 
intermediate points. 

3. Conversations about the home region : geographical phenomena 
and terms for them, natural productions, occupations of men, industry and 
commerce. Walks and excursions. 

4. First idea of the canton. 

5. The visible horizon ; the form of the earth ; the earth isolated in 
space ; first observations and simple explanations. 

6. Show on the globe : {a) land and water ; {h) the five divisions of 
the globe and the oceans. 

7. Point out the position of Belgium and the surrounding countries on 
the globe. 


Intermediate Coarse. 

1. Orientation , — Revision of what wa,s learned in the elementary 
♦course. 

2. Plans and Maps, — {a) Make children draw plan of the playground, 
and of the street, and orient the plans. 

S Lessons in reading simplified maps of the commune. 

Reading of the map of canton. 

(d) Drawing from memory different sketches relative to communal 
and cantonal maps. Ideas of distance. 

3. First notions of the globe. 

4. General divisions of globe — the five parts of the world and the 

oceans. 
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5. Boundaries of the five parts of the globe. Some of the great world 
voyages (Columbus, Magellan, Jcc.), in order to familiarise the pupils with a 
knowledge of the great divisions of the globe. 

Show on the globe and on maps the chief European States and their 
capitals. 

6. Belyium. — (a) Boundaries, shape, area, population; compare with 
other States, people, and languages. 

(d) Explanation of principal terms used in political geography — 
commune, canton, arrondissement, province, <fec. 

(c) Division of Belgium into provinces. Boundaries and chief towns 
of each province. 

(d) Physical Geography. General aspect of country — plains, hills, 
plateaux, and valleys. Water partings and river basins. Course of the 
Scheldt and the Meuse and their chief tributaries. 

(e) Detailed description of home region. 

Map drawing from memory of the map of the province, and other 
sketches. 

N.B. — If time permits the teacher may begin the more advanced study 
of Belgium given in the following programme : — 

Advanced Course. 

1. BeJyiuin . — Bevision of preceding course. More advanced study of 
its physical geography ; the chief watercourses. Important productions 
of the three kingdoms. Agricultural regions. Great industrial centres. 
Commerce, transport routes by land and water, imports and exports. 

Summary description of each of the nine provinces. 

Sketches and maps drawn from memory. 

Exercises in the use of Belgian railway time-tables. 

2. Europe . — Summary description of coasts, seas, gulfs, straits, large 
islands, and peninsulas. 

Chief countries in Europe : boundaries, government, chief towns, 
natural wealth, industry, most important commercial relations with 
Belgium. 

3. General ideas, very succinct, of Asia, Africa, America, and Oceania. 

Accounts of some great explorations, the route being traced in chalk 

on the black globe. 

Oj)twnal. 

4. Maps . — Reading a graduated series of maps of the commune, and 
making sketches. 

5. Cosmography . — Orientation by the compass, by pole star. 

Latitude, longitude. Determination of a point on the surface of the 

sphere. 

Distances on a sphere. Dimensions of the earth. 

Rotation and revolution of the earth. 

The phases of the moon, eclipses and comets. 

VII. — Official Programme for Primary Schools, France 
(from January 18, 1887). 

Infants (6-7 years). 

Familiar talks and simple preparatory exercises, designed above all to 
stimulate the habit of observation among children by making them look 
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carefully at the most common phenomena and the chief features of the 
land’s surface. 


Elementary Course (7-9 years). 

Continuation and development of the exercises of the previous stage. 
The points of the compass, not learned by heart, but discovered in the 
field, in the playground, during walks, and according to the position of 
the sun. 

Exercises in observation : the seasons, the chief atmospheric pheno- 
mena, the horizon, the nature of the land’s surface, <kc. 

Explanation of geographical terms (mountains, rivers, seas, gulfs, 
isthmuses, straits, (fee.), always beginning from objects seen by the pupil 
and proceeding by analogy. 

Preparatory study of geography by intuitive and descriptive methods; 

1st. Local geography (house, street, village, commune, canton, etc.). 

2nd. General geography (the earth, its form and dimensions, its great 
divisions and their subdivisions). 

The notion of cartographic representation : the elements of plan and 
map reading. 

The terrestrial globe, continents and oceans. 

Conversations about the home region. 

Intermediate Course (9-11 years). 

Geography of Franco and its colonies. 

Physical geography. 

Political geography, with more detailed study of the home canton 
the dt^partement, and the region. 

Exercises in map drawing on the blackboard, and on note books, with- 
out tracing. 


Advanced Course (11-13 years). 

Revision and development of the geography of France. 

Physical and political geography of Europe. 

More summary treatment of the geograpliy of the other continents. 
French colonies. 

Map drawing from memory. 


VIII. — Code of Regulations and Reports on Evening Continua- 
tion Schools, England and Wales and Scotland, (1897). 

Geography. 

General geography of the British Isles, their chief industries and 
means of communication by land and water. 

General geography of Canada and the United States, or of Europe or 
Australasia or British India, with special reference in each case to their 
industries and to their commercial relations with Great Britain. 

Colonisation and the conditions of successful industry in the British 
possessions generally. 
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B. TRAINING OF ELEMENTARY SCHOOL TEACHERS. 

IX. — Code for Pupil Teachers before and during Engagement. 

England and Wales, 1897. 

Geography. 

In Welsh districts, in the 2nd Division, one question will be set on 
the physical and political geography of Wales at the present time, and 
in the 3rd Division one question on the commercial geography of Wales 
at the present time. 

1st Division : Physical, political, and commercial geography of the 
British Islands, British North America, and Australia. 

Maps of British Isles. 

2nd Division : Europe and Asia (with special reference to British 
India). 

Maps of France, Italy, and British India. 

3rd Division : Africa, America, Australasia, and Polynesia. 

Maps of Australia, North America. 

X. — Rixjulations relating to the Examination of Candidates for 

Admission into Training Colleges and for the Office of 
Assistant Teacher, called the Queen’s Scholarship Examina- 
tion. England and Wales, 1895 and 1896. 

Geography. [70J in 1895, [100] in 1896. 

1. Physical, political, and commercial geography of the British 
Empire. 

2. Map drawing. The map set will be some part of the British Islands, 
France, or Italy (1895). British Islands or Hindustan (1896). 

In Welsh districts some of the questions set will relate to Welsh geo- 
graphy and Welsh industries. 

XI. — Training Colleges, England and Wales. Examination for 

Teachers’ Certificates, 1895-97. 

First and Second Years. Male and Female Candidates. 

Geography and — A candidate who has, at the Queen’s Scholar- 

ship Examination in one of the two preceding years, passed with excep- 
tional credit in geography or history, is released from the obligation to 
take up the subject again at th(; first year’s examination, and may substi- 
tute for each subject in which he has so passed a language or a science. 

Geography . — [75.] 1. Elementary knowledge of physical geography, 

with special reference to — 

{a) Shape, size, and motions of the earth. 

{h) The atmosphere, rain, clouds, and vapour. 

(c) Winds, currents, and tides. 

{d) Causes which affect climate. 

2. General geography of Europe, with maps of any part of England. 
In 1895-6. (e) Effect of climate on industry^ productions^ and national 
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character ; (/) Distribution of plants and animals will he added to Sec- 
tion 1, and ‘ the British Emjnre^ with maps of Australia^ Hindostan, and 
New Zealand,^ will he substituted for ^Europe, with maps of any part oj 
England^* in Section 2. 

In 1897, general geography of Africa, with maps of British South 
Africa and Egypt. 

(Section 1 omitted from syllabus printed in Annual Report, 1895-96.) 

XII. — Code of Pupil Teachers before and during Engagement. 
Scotland, 1897. 

Geography. 

First Year. — The British Isles, Australia, and British North America. 
Elements of physical geography. (Maps to be drawn in this and the 
following years.) 

Second Year. — Europe and British India. Latitude and longitude. 
Climate and productions of the British possessions. 

Third Year. — Geography of the world generally, with special reference 
to British Isles and British possessions. More advanced physical geo- 
graphy. 

XIII. — Regulations relating to the Queen’s Scholarship 
Examination. Scotland, 1896. 

Geography. [50,] 

Physical, political, and commercial geography of the world, with special 
reference to the British Isles and British possessions. 

Answers may be required to be illustrated by sketch maps. 

Candidates who pass with credit in this subject at the Queen’s Scholar- 
ship and Studentship Examination may, in the next two examinations foir 
certificates open to them, omit the paper in Geography, and take an extra 
Language or Science instead. Candidates who fail to pass in this subject 
will be marked ‘ G ’ in this class list. 

Note. — With a view of encouraging the study of this subject^ the. 
Council of the Eoyal Geographical Society offer three prizes of 21. each with 
certificates to male, and three to female candidates, and five certificates 
without money jyrizes to male, and five to female candidates who obtain the 
highest marks in Geography at the Queens Scholarship and Studentship 
Examination. 

XIV. — Training Colleges, Scotland. Examination for Teacher’s 
Certificate, 1895, 1896. First and Second Years. Male ani> 
Female Certificates. 

Geography and Physiography. [100] in 1896, [75] in 1896. 

1. An elementary knowledge of physical geography, comprehending the 

composition and phenomena of the earth’s crust ; the motions of the 
earth ; the seasons. 

2. The general geography of Europe in connexion with commercial and 

industrial geography. 

Candidates may be asked to illustrate their answers by sketch maps. 
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1. In 1896 the Tides, Winds, and Ocean Currents will he added to 
Section 1. 

2. In 1896 the Physical Geography of Asia and the British Islands in 
connexion with Commercial and Industrial Geography, will replace Section 2. 

Notes (1896.) — («) Candidates who passed with credit in this subject 
at the Queer! s Scholarship Examination in July or December 1894 may 
omit it at this Examination, and will be credited with the marks gained, 

if) Candidates who now — Judy 1896 — pass with credit in this subject 
may omit it at the Certificate Examination of 1897 or 1898, and may then 
take an extra Language or Science instead. 

(c) Candidates who now — Jxdy 1896 — fail to pass with credit in this 
subject will be marked ^ G^ in the Class List, axid will he required to take it 
again at any subsequent Examination for Certificates. 

(d) Marks for sxiccess hi this subject at this Examination will not be 
carried forward to any future Examhiation for Certificates. 

XV. — Programme for Monitors, Ireland, 1897. 

Extra geography is prescribed from Sullivan’s ‘Generalised Geography,’' 
in addition to that for the class in which monitor is enrolled. 

XVI. — Revised Programme op Examination for Admission to 
Training Colleges, and for the Classification and Promotion 

OF Teachers and Queen’s Scholars, Ireland, 1897. 


Subject 

Marks 

Entrance 

Marks 

First Year 

Marks 

Second Year 

G Boon Am Y . 

70 

Elementary general 

70 

(a) The British Empire 

70 

Same course 



geography (political 


(political and de- 


(optional 



and descnjitive) 


scriptive),\\ ith special 


for those 



Mathematical geogra- 


reference to its com- 


who have 



jiby. Form, size, and 


mercial aspect 


passed in 



motions of the earth 


(&) Physical geography. 


Col. 2 with 



To draw an outline map 


Mountains, plains, 


not less 



of Ireland showing 


riveis, deserts, winds. 


than GO per 



the principal moun- 


climates, tides, and 


cent. of 



tains and rivers 


currents 


marks) 





(c) To diaw an outline 







map of Great Britain 
or a certain portion 
of It, showing pnuci- j 
pal mountains and 







rivers 




N.B. — An old programme maybe chosen as an alternative in 1897 and 
1898. 

XVII. — Programme of Examination of Candidates for Admission to 
the Office of Inspector of National Schools, 1890. 

Obligatory Subjects. 

Geography. — Sullivan’s ‘ Geography Generalised,’ 500 marks. 


XVIII. — Programme of Examination for Inspectors’ Assistants. 

Geography. — Sullivan’s ‘Geography Generalised,’ including chapters 
on history, 400 marks. 
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XIX. — Programme op Course in Geography in the Austrian 
Training Colleges. 

Elementary Teachers, ‘ Volkschule.’ 

Understanding of maps and globes. Knowledge of the earth’s surface, 
physical and political, especially Europe, and more particulary Central 
Europe. Map drawing, and geographical representation of the chief 
elements of physical geography. 

Teachers, * Biirgerschule.’ 

Mathematical, physical, and political geography of the world, of 
Europe, and especially of Central Europe, and a thorough knowledge of 
geography of native land. 

Knowledge of the Constitution and Organisation of the Austro- 
Hungarian monarchy in general. 

General knowledge of commercial geography. 

Accuracy in dealing with comparative geography. 

Skill in map-drawing, and in the graphic representation of physical 
geography. 


XX. — Programme of Course in Geography in the Training Colleges 
OF THE Grand Duchy of Baden. 

First Course. — General geography. More detailed knowledge of 
Germany. 

Second Course. — T he five continents, with more detailed treatment of 

Europe. 

Third Course. —Mathematical and physical geography. Knowledge 
of the solar system. 

In teaching geography emphasis is to be laid upon the intelligent 
understanding of a map, and upon graphic descriptions of interesting 
geographical incidents. 

To this end globes and maps — without the political divisions — showing 
the oro- and hydrographical relations, also the distribution of temperature 
and of cultivated plants, should be selected for the earlier lessons. 
Political geography comes later. 

Whilst in the preparatory school attention is more directed to topo- 
graphical relations, in the training colleges it is more important to keep 
in view the nature of the countries, their climatic conditions, their 
chciracteristic animal and plant forms, and the life and occupations 
of the people who inhabit them and are dependent on the soil for their 
livelihood. 

The various countries will be treated with more or less detail according 
to their importance. 

Map-drawing is to be diligently practised. In map-drawing the pupils 
are to be so far advanced that they can draw a map of the school district 
on an enlarged scale, showing all the geographical features. 

In the methodical introduction to geographical teaching liberal use is 
to be made of atlases, wall maps, globes, telluria, and other apparatus in 
illustration. 
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XXI. — Ordinance of the Grand Ducal Ministry of J ustice, Culture, 

AND Education, Baden, December 19, 1884, respecting the Examina- 
tion FOR Women Teachers. 

Acquaintance with the most important points in physical and mathe- 
matical geography ; general knowledge of the five continents, and special 
knowledge of the native land in its physical and political aspects; facility 
ill reading maps and in the use of globes and telluria. 

2 . SECONDARY EDUCATION, 

A. SECONDARY SCHOOLS. 

XXII. — Public Examinations in Geography and the Secondary 

Schools. 

A Ee2)ort on the Answers received to a Circular sent out in 1894-5 by the 
Committee of the Geographical Association. 

In considering the best means of improving the teaching of geography 
in Secondary Schools, the Committee was soon driven to the conclusion 
that one of its earliest tasks must be to approach the various Boards of 
Public Examiners, 

For the schools are necessarily compelled to adapt their teaching to 
the requirements of the examinations for which they prepare their pupils. 
And it is felt by the Cominittoo that geography can never take its proper 
place among subjects that train and educate the mind, so long as the 
teaching of geographical principles is neglected, and the subject treated as 
a mass of isolated facts, to be acquired by unintelligent cramming. 

They therefore addressed themselves in the first instance to the 
Educational Committees of the Royal Geographical Society and the 
Royal Colonial Institute ; and having received an assurance of their 
sympathy and approval, they drew up four suggestions which they sent 
out in the form of questions to about 300 Secondary Schools. To 
these questions 92 answers have been received, including expressions of 
opinions from nearly all the great Public Schools — a result that the Com- 
mittee regard as satisfactory, considering the apathy that prevails on the 
subject of geography in so many of our Secondary Schools. 

The following are the suggestions, together with a summary of the 
opinions elicited in reply : — 

(i.) That in Geography should he set and looked over by 

Geographical experts. 

This meets with general approval, provided always that the examiner 
has had experience in teaching and examining boys. 

(ii.) That the principles of Physical Geography should form part of 
every examination [in Geography]. 

This is almost universally accepted, but a general wish is expressed 
that the term Physical Geography should be limited and defined. 

(hi.) That the subject ‘ Geograp)hy ' as sef especially in the Army Ex- 
aminations^ is too loide and too vague^ and that a subdivision of it would 
he a great advantage^ so as to include^ besides the principles of Physical 
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Geography, the Fhysical, Political, Historical, and Commercial Geography 
of some Continent, 

All are agreed that the subject is at present too wide and vague, and 
many express the wish that a syllabus or text-book should be issued by 
authority for the guidance of teachers and examiners alike. 

The suggestion that the Geography of some particular Continent should 
be set for each examination finds many supporters, but the weight of 
opinion is in favour of requiring a general knowledge of the Geography of 
the earth, as well as a special study of some selected area, such as a 
Continent, India, or the British Colonies, the subject to vary from time 
to time. 

It is also suggested that a larger choice of questions should be given, 
of which the candidate should be allowed to attempt only a certain 
number. 

(iv.) That in Competitive Examinations Geography ought either to he 
compulsory or to receive a su fficieiit number of marks to make it fjay.’ 

As regards the Army Examinations, it is generally felt that Geography 
ought to be a compulsory subject, and many think that the marks at 
present assigned to it are insufficient. Some regret the abolition of the 
Army Preliminary Examination ; but a few declare themselves to be well 
satisfied with the present arrangement. 

As to other Examinations, opinion is divided ; and while many would 
be glad to see more weight given to Geography, they point out that this 
could only be done by sacrificing some other subject, and they deprecate 
any action that would tend to increase the existing strain and pressure. 

XXIIa. — Memorandum op Reforms in Examinations in Geography 

Advocated by the Committee op the Geographical Associa- 
tion. 

1. That the main principles of Physical Geography should form the 
basis of Geographical teaching at all stages, and should be fully recognised 
in all Examinations in Geography. 

2. That a general knowledge of Geography, based on Physical Prin- 
ciples, should be required, together with a special study of some selected! 
region, e.g. India, a group of British Colonies, South America, Central 
Europe. 

3. That it is desirable that all Public Examining Bodies, such as the 
Civil Service Commissioners, the Universities (in their Local and Certi- 
ficate Examinations, and London Matriculation), and the College of Pre- 
ceptors, should recommend a course of instruction in accordance with the 
ideas suggested above. This would stimulate Geographical teaching in 
Schools, ensure that Geography should be systematically taught through- 
out the School, and do away with the need for separate classes to prepare 
candidates specially for the various Public Examinations in Geography. 

4. That in the Examinations above referred to. Geography and History 
should be dealt with in separate papers, and that the maximum of marks 
should be approximately the same for each. 

XXIII. — Geography in the Entrance or Matriculation Examinations 

OP English Universities or University Examination Boards. 


No examination. 


Cambridge. 
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Durham. 

No geography 

London. 

No geography. 

‘ English History and the Geography relating thereto ' is one subject, 
and in January 1897 *Amap of England at the close of the reign of 
Alfred ^ was one of the questions that might be chosen. 


No examination. 


Oxford. 


Victoria. 

‘ English Language and Composition, English History with Geography ’ 
is a subject ; the fifth section of the syllabus reads ‘ Elements of Political 
Geography, especially of Great Britain and Ireland.’ 


XXiy. — Oxford and Cambridge Schools Examination Board 

llEOULATIONS. 

Higher Certificates. 

Candidates who offer Physical Geography and Elementary Geology 
shall be examined in — 

(a) The outlines of Physical Geography : viz. the form of the earth 
and variations in the earth’s surface ; the force of gravity ; the seasons ; 
the atmosphere and climate, winds, clouds, rain and dew, the ocean, tides, 
seas, lakes and rivers, glaciers and icebergs, volcanoes and earthquakes. 

(b) The outlines of Geology : viz. the principal igneous, aqueous, and 
metamorphic rocks, including recognition of specimens ; denudation ; 
deposition of stratified rocks, dip, strike, joints, cleavage, faults, dykes ; 
unconformable stratification ; the principles on which the relative ages of 
rocks are determined ; the outlines of stratigraphical geology ; the recog- 
nition of the fossil genera found in the principal formations. 

Examination for Lower Certificates. 

[N.B. — This Examination is adapted for Candidates of sixteen years 
of age.] 

In Geography, questions shall be set on General Geography, and on 
the Geography of the British Isles and of some other country to bo 
selected. 

For the examination in 1898 the selected country shall be the German 
Empire. 

2'^e questions shall he set on the asstimption that the main principles of 
Physical Geography form the basis of geographical teaching^ 



398 


REPORT — 1897. 


XXV. — Geography in the Examinations of the College op 
Preceptors, 1897. 

A. School Inspections. 

A. ON SUBJECTS TAUGHT IN THE SCHOOL. 

B. ON SYLLABUSES OF COLLEGE OF PRECEPTORS — ARRANGED FOR FOUR GRADES. 

Xo geography in Grades I. or II. 

III. 7. Geotjraphy. — (i.) A map — what is it 1 Divisions of the land, 
divisions of the water ; (ii.) general description of England ; (iii.) Europe, 
chief countries, chief cities, &c. 

IV. 7. Geography. — 1. The British Isles: (i.) England and Wales ; 
(ii.) Scotland ; (iii.) Ireland. 2. Europe. 3. The names, positions, chief 
towns, &c., of the British possessions. 

EXTRA SUBJECTS. 

6. Geography of (i.) Asia and Australasia, or (ii.) America and Africa. 

7. Physical Geography, — (i.) Definitions ; (ii.) Eorm of the Earth ; 
(iii.) Distribution of Sea and Land ; (iv.) Form of Continents ; (v.) 
Mountain Systems ; (vi.) Divisions of the Ocean ; (vii.) Currents ; (viii.) 
the Atmosphere and Climate ; (ix.) Distribution of Plants ; (x.) Dis- 
tribution of Animals ; (xi.) Distribution of Man. [No. 7 may be dividend 
into two sections, A and B ; Section A to include (i.)-(v.) ; Section B, 
(yi.)-(xi.)] 

B. Regulations respecting the Examination of Pupils in Junior Forms. 

Geography is one of the optional subjects, and consists of the geography 
of the British Isles, with very elementary physical geography, and the 
meaning of simple geographical terms. 


C. Certiheate Examinations and Professional Preliminary Examinations. 

First Class. — One of three English subjects (English, History, Geo 
graphy) forms a compulsory part of seven subjects necessary, but all three 
may be taken. 

The syllabus reads : Geography^ including physical and matliematical. 

Second Class. — History or Geography is one of six subjects which must 
be passed, but both may bo chosen. 

Geography. — Candidates are required to show a general knowledge 
of the chief mountain ranges, rivers, outlines and boundaries of conti- 
nents ; names and general position of countries and their capitals, with 
the meaning and use of ordinary geographical terms ; and a more detailed 
knowledge of one of the following, at the option of the candidate : — 

1894. (a) Asia ; (b) Europe, including British Isles. 

1897. \a) Africa ; (5) North America and the West Indian Islands. 

Third Class. — History or Geography is one of four subjects which must 
be passed, but both may be chosen. 

Geography. — Europe, especially the British Isles, and the meaning 
and use of simple geographical terms. 
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D. Commercial Certificate. 

Holders of first or second class certificates may receive the Commercial 
Certificate on passing additional subjects of which Commercial Geography 
is not one. 

XXYI. — Syllabus op Preliminary Examination issued by the 
Scottish Universities’ Joint Board. 

Geography forms part of the Examination in English. The Higher 
Grade Leaving Certificate of the Scottish Education Department is 
accepted as equivalent. 

Arts and Science. 

1. English will include Grammar, Composition, Literature, History, 
and Geography. 

d. Geography will include a general knowledge of the geography of 
the world, and a special knowledge of the geography of the British 
Empire. 

N.B. — One paper of two hours to first two. One paper of two hours 
for last three, half of which is literature. (Two questions in Geography 
are to be answered.) 

Medicine. 

A single paper of three hours shall be set, containing an essay, a para- 
phrase, two questions on history, two on geography, four on grammar 
(. . . .), two of a literary and general kind. Eight answers shall be 
required. The essay, the paraphrase, one answer on history, and one 
on geography shall bo compulsory. 


XXVII. — Leaving Certificate op Scottish Education Department, 
Questions in Geography, 1895. 

English. 

LOWER GRADE. 

Tuesday, June 18, 10 a.m. to 12.30 p.m. 

Nine questions should he answered, and no more. Five of these must 
he in Section I., two in Section II., one in Section III. The remaining 
question may he taken from any Section. Questions 1 and 2 must he 
attempted. 


Section III. 

14. What are the chief mountain systems of Great Britain 1 Where 
are the chief plains ? Give the names of the rivers that drain them. 

15. Contrast the east and the west coasts of Scotland. 

16. Describe the course of the Rhine (or of the Danube) ; mention 
the six largest towns on its banks ; and state in what the industry of each 
consists. 

17. What are the chief cities on the Mediterranean ? State what you 
know about five of them. 

18. Write a brief account of the commerce of Cape Colony. 
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English. 

HIGHER GRADE AND FIRST PAPER FOR HONOURS GRADE. 

Tuesday, June 18, 10 A. M. to 1 P.M. 

Every Candidate should answer ten questions, and no more; and 
every Candidate must take Questions 1 and 2, and, hi addition, three 
other questions in Section I. 

Higher Grade Candidates must take, also, two questions in Section II., 
and TWO in Section III. The remaining question may be taken from any 
Section. 

Honours Grade Candidates are not required to answer questions from 
Sections II. and III., but may do so. The fidl number of marks can he 
obtained in Section I. 


Section III. 

16. Explain, fully, the lines usually found on globes. 

17. What countries border on the Baltic ? What are the chief Baltic 
ports, and in what does their trade consist ? 

18. What countries in Europe are {a) best supplied with railways and 
telegraphs, and (6) what are most poorly supplied ? Give the reasons in 
each case. 

19. Write a short account of the build of South America, under the 
heads of {a) plateaux, (6) mountain ranges, (c) plains. State what you 
know about the Amazon and the Cassiquiare. 

20. Write a short account of the geography of India ; and give the 
names of the chief peoples, languages, and religions. 

21. State what you know about the six chief trading cities of China. 

H.B. — See Sir Henry Craik’s report on geography in this 

•^.r(iminatio7i. 

XXVIII. — Intermediate Education Board for Ireland. 

Programme. 

Preparatory Grade, 

Geography : The meaning and use of Maps ; size and shape of the 
Earth \ Geographical terms simply explained and illustrated by special 
reference to the Map of Ireland ; general outlines of the great divisions of 
the Globe ; outlines of the Physical and Political Geography of Ireland. 
200 marks (Greek and Latin 1200 each). 

Junior Grade. 

Geography : Outlines of the Geography of the World, including 
Distribution of Land and Water, and their relative position and areas ; 
Mountain Chains and Systems ; Seas and Oceans ; Pivers and Lakes. 

Physical and Political Geography of Great Britain and Ireland, and 
the Outlines of our Colonial Empire. 200 marks. 

Middle Grade. 

Geography : Ocean Currents, their origin and influence ; Tides, 
their origin and influence ; the Atmosphere, its constitution ; Winds ; 
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Rain ; Hail ; Snow ; the causes affecting Climate ; Day and Night ; the 
Seasons. 

Physical and Political Geography of Europe, and outlines of the 
remainder of the Eastern Hemisphere. An outline map of one of the 
countries of Europe will be given to be filled up by inserting the chief 
ranges of mountains, the chief towns, and the chief rivers. 150 marks. 

Senior Grade. 

Geograj-ihy : Distribution of plants and animals ; Man, as affected 
by conditions of external nature ; distribution of races ; latitude, longi- 
tude ; time, how measured ; the Earth’s position as a planet. 

Physical and Political Geography of Canada and the United States ; 
outlines of the remainder of the Western Hemisphere. 100 marks. 

Commercial English. — Maximum of marksy 400. 

1. Commercial Geography, comprising {a) its general principles ; (6) 
the chief products ; and (c) the commercial geography of the various 
countries. (Mill, * Elementary Commercial Geography ’ ; or Chisholm, 
‘Smaller Commercial Geography.’) 150 marks. 


XXIX. — Geography in the Entrance Examination, Trinity College,, 

Dublin, Michaelmas 1896. 

History and Geography. (10 questions.) 

1-5. Historical. 

6. If you construct a triangle having its angles at Dublin, Londonderry, 
and Cork, through what counties (in order) will the sides pass ? 

7. In what counties are Glastonbury, Cromer, Spurn Head, St. David^s 
Head, Coventry, Lichfield, Snowdon, Kirkwall, Paisley, Ben Nevis ? 

8. Name, in order of size, the five largest islands in the Mediterranean 
Sea. Give one town in each. 

9. In which of the United States is the following : Yellowstone 
Park, Boston, Denver, Philadelphia, Buffalo, Sacramento, Richmond, Salt 
Lake City, Baltimore, Austin ? 

10. Where are the Falkland Islands, Mount Cook, Batavia, Bloem- 
fontein, Poona, Aleppo, Pondicherry, Caracas, Ispahan, Monte Video 

XXX. — Geography in the Entrance Examination of the Royal 

University op Ireland. 

Englisli, lucludiug Outlines of Modern Geography. 

Summery 1896. — One question in Geography. 

Name the principal islands in the Indian Ocean, and also the European 
nations within whose spheres of influence they are respectively situated. 

Autumriy 1896. — One question in Geography. 

6. (a) What lands and seas lie, westwards, between Cadiz and Cape 
Gracias a Dios 1 

(b) Describe the shortest course by wliich a ship could sail from the 
Thames to Yeniseisk. 

1897. 


D D 



402 


REPORT — 1897 . 


XXXI. — Official Programme for Intermediate Schools, Belgium, 

FROM 1888. 

A. Intermediate Schools. (Three Years’ Course.) 

I. General description of the Earth and its divisions. Elementary 
Geography of Belgium. 

II. Ee vision of Course I. More advanced Geography of Belgium. 
General Geography of Europe. 

III. Detailed Geography of Europe. General Geography of other 
parts of the World. 

B. Ath4n4e8 Royaux. (Seven Years’ Course.) 

(See Dr. Scott Keltic’s Report, pp. 150, 151.) 

XXXII. — Programmes in French Lyc^ies. 

Classical Side. 1.} hour per week in lower forms, 1 hour in higher forms. 

Preparatory Class. 

YIII. Elementary Geography of the five parts of the World. 

Yll. Elementary Geography of France. 

YI. General Geography of the World. Geography of the Mediter- 
ranean Basin. 

Y. Geography of France. 

lY. General Geography. Study of the American Continent. 

III. Africa, Asia, and Oceania. 

II. Europe. 

I. France. 

Modern Side. 1^- hour per week in lowest and highest forms, but only 1 hour 
in 4, 3, and 2. 

YI. Elementary Geography of France. 

Y. General Geography. Europe, America. 

lY. Africa, Asia, Oceania, 

III. Europe. — i. General Geography of the Continent ; ii. Descrip- 
tion of the States ; iii. Summary. 

II. Geography of France, 

I. General Geography. — i. Europe, the Six Great Powers ; ii. The 
New World ; iii. Asia, Oceania and Africa.^ 

’ ‘ The headings of the syllabus for the first class,’ says the official programme, 

‘ have appeared already in those of the preceding classes. The interest of this 
course rests entirely in the questions the professor chooses to discuss, and the way 
he puts the most important. They are of every variety. It is not enough to teach 
the pupils, who are about to become men, what are the leading powers of the 
I)resent day by their agricultural and industrial products and their commercial 
activity. No doubt these are important points ; but these are not the only ones 
that should be compared. An attempt should be made to distinguish the charac- 
teristic traits of each of the States with which we have dealings, to determine in 
what measure the land and the people and their racial characteristics have contri- 
buted to the prosperity and power of a nation, to compare the part played in 
history by a people with its present condition, to realise what is the actuality on 
which we should fix our attention in each different part of the world : such are 
the aims of this course. It should be looked upon as the last chapter in the history 
of civilisation.’ 
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B. TBAINTNG OF SECONDARY SCHOOL TEACHERS. 

XXXIII. — Excerpts from the Regulations for the Examination 
OP Teachers in Gymnasia and Realsciiulen in Austria. 

For gymnasia a teacher may choose geography and history as a chief 
subject, for Realsciiulen geography as minor subject. 

The programme in geography is — 

A thorough knowledge of the earth in mathematical, topographical, 
physical, and political aspects ; a satisfactory acquaintance with European 
countries, together with the geography of Central Europe, especially that 
of the Austro-Hungarian monarchy. 

The examinee must have made himself acquainted with the statistics 
of the Austro-Hungarian monarchy in relationship to other lands. 

The present positions, conditions, and routes of international 
commerce must be thoroughly known. 

The examinee must show readiness and certainty in every sort of 
graphic representation used in instruction. 

XXXIV. — Excerpts from the Regulations for the Examina- 
tion OF Teachers in Middle Schools in the Grand Duchy of 

Baden. 

Candidates must have been at a German gymnasium or Real gym- 
nasium (for certain candidates), and three years^at a German University. 

There are three grades of examination, 3, 2, and 1. Those passing in 
the third grade can teach in the Sixth, Fifth, and Fourth Forms of gymnasia 
and modern schools ( Real anstal ten) with a nine years’ course ; those 
passing in the second grade, in the Lower and Upper Third and Lower 
Second Forms ; and those passing in the first-grade, in the Upper Second 
and the Lower and Upper First Forms. 

Only those who receive a first-class certificate in the first grade can 
teach in all classes. 

Two major and two minor subjects must be chosen, and two major 
and one minor subject must belong to the group of Languages and History, 
or else to the group of Mathematics and Science. Geography is an 
exception, and may be reckoned as a major subject in either group. 
Geography must be a minor subject if history is a major subject. 

The programmes in Geography are as follows : — 

1. For the certificate in Geography for the loiver (third grade) 

the candidate must show evidence of an elementary but sound knowledge 
of mathematical, physical, and more particularly of topographical and 
political geography ; he must also be able to illustrate the most im- 
portant facts of mathematical geography with simple apparatus. 

2. To obtain the certificate for the middle classes (second grade) the 
candidate must possess a more thorough knowledge of the above-men- 
tioned branches of geography, also an acquaintance with the history of 
discovery, and with the historically most important highways of the 
world’s commerce. 

3. The candidate for a certificate to teach in the highest classes (first 
grade) must be thoroughly familiar with the principles of mathematical 
geography, so far as these are founded on elementary mathematics, and 

D D 2 
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with the proofs of the same, and be able to give an account of the 
physical and most important geological conditions of the earth’s sur- 
face. In addition he must have a comprehensive knowledge of the 
political geography of the present day, and a wide view of the historical 
political geography of the chief civilised peoples, together with the main 
facts of ethnography. 

4. A readiness in map drawing is demanded from candidates in all 
grades. 


XXXV. — Requirements of a Teacher of Geography in a 
Belgian Atiienee Royal. 

One professor teaches both history and geography. This professor, 
except by personal dispensation, must have either the old diploma of 
Professeur agregS de V Enseignement Moyen 'pour les llumanites or the 
diploma of Docteur e'u PhiJoaophie et Lettres^ the only one now given. 

For the degree of Candidal en Philosophie ei Lettres he must study 
geography, and, for the doctorate, geography and the history of 
geography. 

See ‘ L’Enseigncment Sup^rieur de la Geographic en Belgique,’ by J. 
du Fief Bulletin de la Societe Royale Beige de Geographic,’ xvi. No. 3). 


XXXVT. — Programme for Professors of Geography in 
French Lycii:es, 1896. 

In the secondary schools of France geography is taught by a professor 
of history and geography . . . who must be an agrege. The examination 
consists of (a) a thesis, {h) explanation of a passage, (c) giving a lesson, 
all of which are judged by the professors under whom the candidate has 
studied. The second part of the examination takes place before special 
examiners. The subjects for 1896 were : — 

(I History.) II. Geography. 

Form and divisions of globe. 

Distribution of land and water. 

Oceans and seas and marine currents. 

Forms of terrestrial relief and the different types of mountains. 
Influence of glaciers in the past on the present relief of the land. 
Climates. 

Vegetation zones. 

Distribution of mankind. 

Distribution of food products. 

Configuration of Asia. 

V egetation zones of South America. 

Hydrography of North America. 

Ethnography of Eastern Europe. 

Countries bordering the Mediterranean. 

Physical geography of France. 

Development of Russian colonisation in Asia. 

African exploration from 1870, including Madagascar. 

India. Indo- China and the Malay Peninsula. 
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3. VNIVER8ITY BBVOATION. 

XXXVII. — Excerpt PROM Report by Mr. Yule Oldham, M.A., 
Lecturer in Geography in the University of Cambridge, lo the 
Royal Geographical Society, May 1897. 

‘ Geography has received the practical recognition of being introduced 
•as an essential part of the new revised Historical Tripos,’ 

XXXVIII. — Excerpt FROM Communication by Mr. H. J. Mac- 
kinder, M.A., Reader in Geography, University op Oxford, on 
the Position of Geography in that University. 

* In almost all the papers set in the Honour School of Modern History 
at Oxford there are two questions on Geography, which, if well done, 
count considerably. As a result, the greater number of the candidates 
find it worth their while to attend the lectures of the Reader in Geo- 
graphy. 

‘ Geography counts as an optional subject for a Pass degree, and is 
taken by a few candidates.’ 

XXXIX. — Excerpt from Communication by Professor A. W. 
Ward, LL.D., D.C.L., Principal of the Owens College, Man- 
chester, ON the Position op Geography in that College and in 
THE Victoria University. 

* The new Regulations (Victoria University) substitute, for the old 
'Optional Preliminary subject of Physiography, the following : — 

‘ geography. 

‘ (^0 Geogra'phy . — The agents at work on and beneath the 

Gurface of the earth. 

‘ Phenomena resulting from earth heat. 

‘ Distribution of land and water, 

‘ (5) Political and Coiiimcrcial (xpograidiy . — Political and economic 
effects of Natural Features and conditions. 

‘ Outlines of Geography of the British Empire (including Historical 
Geography), Political and Commercial Geography of the United Kingdom. 

‘ You will perceive that this amounts to the inclusion of geography only 
in the first year’s course ; but apart from the fact that it has been thought 
wiser, in dealing with this subject, to begin with the foundations, we were 
specially anxious to recognise it in the first instance as a university sub- 
ject at the stage where school and university training came into contact. 

‘ The College remains without any endowment for the teaching of 
geographj'’, since both the Royal and the Manchester Geographical Societies 
have discontinued the grants (of 50^. each) made by them during periods 
of five and four years respectively. 

‘ Tlie teaching of the subject will accordingly, in this College, be for 
the present divided between Mr. Flux (Lecturer in Political Economy), 
who has been appointed Lecturer in Political and Commercial Geography, 
and Professor Boyd Dawkins, Professor of Geology ’ 

SYLLABUS IN PHYSICAL GEOGRAPHY. 

1. The agents at work on and beneath the Surface of the Earth — 
Water — Frost — Snow — Ice — The Atmosphere — Chemical Action in build- 
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ing up and destroying — Organic Action — The Phenomena resulting from 
Earth-heat — Volcanoes — Earthquakes — Elevation and Depression of 
Land — Mountain-making and Valley-carving — Hot Springs. 

2. The Distribution of Land and Water. 

3. The Distribution of the Mammalia and their evidence as to geo- 
graphical changes. 

4. The Distribution of Man and his Advance in Culture. 

5. The Earth in relation to the Heavenly Bodies. 

6. The Physical History of Britain. 

SYLLABUS IN POLITICAL AND COMMERCIAL GEOGRAPHY. 

The construction of Maps. 

The influence of natural conditions on industry and commerce. 

The Commercial Highways of the World. 

The growth of the British Empire. Various forms of Government 
within the Empire : the chief commercial centres and principal products : 
the trade of the Empire. 

The United Kingdom : its population, Governmefit, industries, com- 
merce, &c. 

XL. — Excerpts from Communications received from Professor 
Penck, of Vienna, on the Position of Geography in Austrian 

Universities. 

* In the regulations for University examinations the word geography is 
scarcely mentioned, and the syllabus in it is of the most general descrip- 
tion. That, however, lies in the nature, of German University organisa- 
tion. The examiner has the right to specify the range of subject in which 
he will examine, and thus he promotes individualisation. He can ask 
more from the more talented and less from the less brilliant students ; 
can go into details in the case of specialists, ikc. The University examina- 
tions are not meant to test the whole extent of the candidate's knowledge, 
but to prove its depth and thoroughness. . . . 

‘The candidate for a degree in an Austrian University has two 
examinations to pass, the minor one in Philosophy, the major one in two 
subjects in one of which he must submit a thesis. If the subject of his 
thesis be geographical, then he is examined in Geography, and another 
science, such as Geology, Meteorology, Physics, Chemistry, or History, 
The choice is great.* 

XLI. — The Position of Geography in Belgian Universities. 

The entrance certificate involves having studied geography thoroughly 
at school for six years. 

Thereafter it enters into the work of candidates for the following 
degrees ; — 

1. Candidat en Fhiloso'phie et Let Ires, Preliminary to doctorate in 
these subjects. Exercises in History and Geography. 

2. Docteur en Fhilosophie et Lettres* Geography and History of 
Geography. 

3. Candidat en Sciences Naturelles, Elementary notions of Physical 
Geography. 

4. Docteur en Sciences Naturelles, For group Sciences Mindrales. 
Physical Geography. 
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5. Inginieur Civil des Mines. Industrial and Commercial Geo- 
graphy. 

6. Candidal en Sciences Physiques el MalMmatiques. Physical Astro- 
nomy. 

See L’Enseignement Supcrieur de la Geographie en Belgique, by 
J. du Fief (Bulletin de la Soci^te Royale Beige de Geographic, xvi. 
No. 3). 

4. HDUGATIONAL WORK OF GEOGEAPHIGAL 80GIETIE8. 

XLII. — Reports on the Educational Work of the British 
Geographical Societies. 

Royal OeograpMcal Society. 

* The Royal Geographical Society, in addition to providing systematic 
training for intending explorers, has taken a leading part in improving 
ordinary geographical education. 

‘ So far as can be traced, the first instance of encouragement given to 
general geographical instruction was through the Society of Arts. In 
1866 it was resolved that a prize of 5Z. be granted to candidates at the 
Society of Arts Examination for Geography. This grant continued to be 
made till 1873, when the Society of Arts intimated that they had discon- 
tinued the award of a prize for geography. 

‘ Prizes for geographical teaching in the great public schools were first 
awarded by the Society in 1869 and continued to be awarded till 1883. 
It is admitted that they had little or no influence in bringing about the 
object in view, the recognition of geography as a regular subject in the 
curriculum of our public schools. 

‘In addition to this, in 1876 silver medals wore awarded in connection 
with the geography paper in the Oxford and Cambridge Local Examina- 
tions. These medals continue to be awarded in these examinations 
geography occupies a really important place, and the number of candi- 
dates is very large. 

‘In 188!l the Council instituted prizes to be awarded for geography 
examinations to the cadets on board the training ships Worcester and 
Conway. These continue to be awarded, with satisfactory results. 

‘In 1884 the Society appointed Dr. Scott Keltic as an Inspector of 
geographical education for one year, and authorised him to make a collec- 
tion of books and appliances used in teaching geography, 

‘The result of this action on the part of the Council was— (1) the 
appointment of a Reader in Geography at Oxford for five years, in 
February 1887, at a stipend of 300/., to be paid half by the Society and 
half by the University. (2) The appointment in June 1888 of a Lecturer 
in Geography at Cambridge, to whose stipend the Society would con- 
tribute 150/. annually. As the Lecturer first appointed never entered on 
his office, a new Lecturer was appointed in May 1889, the Council agree- 
ing to pay its contribution to his stipend for five years from the date of 
his appointment. This was renewed for five years in January 1893. 

(3) A contribution of 50/. annually by the Society towards Travelling 
Scholarships at Oxford and Cambridge for four years from June 1891. 

(4) A contribution of 60/. a year from 1886 to 1891 to the Oxford 
University Extension. (5) Contribution of 50/. a year for three years 
towards the stipend of a Lecturer on Geography at Owens College, 
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Manchester (1891) ; renewed for three years 1894. (6) 501. a year for 

prizes to Training College Students. (7) 100/. a year for three years for 
lectures in London by Mr. Mackinder, and 50/. for a fourth year in con- 
nection with the London University Extension. (8) A memorial to the 
Gresham University Commissioners, urging the claims of geography in 
connection with the proposed Teaching University in London • the result 
being a statement in the Commissioners’ Report that Geography should 
have a place in the first rank in the new University. 

‘ The total sum spent by the Society in the last eleven years in the 
endeavour to improve geographical education in this country amounts to 
over 6,000/. 

‘The Council have in 1897 agreed to contribute largely to the support 
of the London School of Geography proposed by Mr. Mackinder.’ 

Royal Scottish Geographical Society. 

‘One of the objects for which the Royal Scottish Geographical Society 
was founded is stated as follows : — “ To press for the recognition of geo- 
graphy as a branch of higher education, and to encourage its study in the 
Schools and Universities of Scotland by offering prizes or by other means.” 

‘ In pursuance of this object the Council, in June 1886, sanctioned a 
scheme for the encouragement and improvement of the teaching of geo- 
graphy in elementary Scottish schools by means of examinations and 
prizes ; and through the courtesy of the Royal Geographical Society 
they obtained the loan of its collection of appliances used in geographical 
education, and exhibited them in the Museum of Science and Art, Edin- 
burgh ; they also arranged for a series of lectures on the teaching of geo- 
graphy, which were delivered at the same time in the Museum. The 
scheme of examinations and prizes was abandoned in 1891 in favour of 
courses of educational lectures for the benefit of teachers and others ; and 
such courses have, with the exception of the year 1895-96, been delivered 
annually since January 1891. 

‘In October 1890 the Council, through its President, the Duke of 
Argyll, petitioned the Universities Commissioners to recognise the claims 
of geography as a department of higher education, urging that the subject 
should be included in every University preliminary or entrance examina- 
tion, and that it should be accepted as one of the optional pass subjects 
qualifying for a degree in arts and in science ; also that provision should 
be made for the sy.steinatic teaching of geography within the U niversities, 
or within one or more of them, by the foundation either of professorships 
or of lectureships fully equipped with the necessary apparatus in maps, 
charts, globes, and models. 

‘ The Council enunieratc'd the beneficial results that would follow on 
the adoption of their recommendations, and gave an account of what was 
being done for the systematic study of geography in the Universities of 
other countries. 

‘In reply to the above petition the Council was informed, in January 
1803, that by Ordinance No. 11 (“Regulations for Degrees in Arts”) a 
knowledge of geography was required of every candidate for the pre- 
liminary examinations, and that a similar regulation affecting the 
preliminary examinations in science had been issued ; it was also inti- 
mated that no lectureship had yet been founded, but that the University 
Courts had the power to institute them, though it seemed probable that 
the necessary funds would have to be raised by private benefaction.’ 
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Manchester Geographical Society. 

From its foundation the Manchester Geographical Society has done 
much to aid the spread of sound geographical knowledge in Lancashire, 
Cheshire, and Yorkshire by school examinations, popular lectures, and 
subscribing half the stipend of the lecturer in geography at the Owens 
College as long as there existed an independent lectureship in that subject. 

The reports of the examination scheme are found in the volumes of the 
Journal.* A full account of the popular lecture scheme of the society 
was read at the Liverpool meeting of the British Association, 1896 ; an 
abstract is published in the Report, and the full paper, under the title of 
‘Practical Geography in Manchester,* is given in the ‘Journal of the 
Manchester Geographical Society,’ vob xii. (1896), pp. 183-187. 

Tyneside Geographical Society. 

‘We have made several attempts here to press the special study of 
geography in the local schools, both private and public, on some occasions 
offering prizes for examination, but have experienced great difficulty, 
owing to the apathy of teachers, who declare that the number of code 
subjects already in force is so great that they hesitate to voluntarily take 
up another special subject. We admit all teachers and pupils to our 
lectures at reduced charges — have even done it free, and they will not 
come.’ 

Liverpool Geographical Society. 

‘ The Liverpool Geograpliical Society offers prizes for geographical 
knowledge, to be awarded on the results of an examination of the 
students at the Secondary Schools of Liverpool and district.* 


The Climatology of Africa, — S^ixth Ileport of a Committee, consisting 
of Mr. E. (j. Kavenstein (Chairman), Sir John Kirk, Mr. G. J. 
vSymons, Dr. H. R. Mill, and Mr. H. N. Dickson (Secretary). 
(Drawn wp by the Chairman.) 

Instruments . — Your Committee in the course of last year granted a 
set of instruments to Mr. G. W. Herdman, C.E., who until recently 
resided at Johannesburg, in the South African Republic. That gentle- 
man, being at present engaged upon surveys in the Orange Free State, has 
been unable to make the observations desired by your Committee. He 
handed over his instrumcuits to Mr. Hopwoll J. S. Morrell, B.A. Oxon., 
who appeared to be well qualified for the work, but who has since left 
Johannesburg, taking the instruments with him. A fresh set of instru- 
ments has been ordered for Mr. Herdman, who has forwarded a draft for 
10/. to defray its cost. 

The Rev. Mr. Ormerod, of Golbanti, on the river Tana, has been 
granted a rain-gauge. 

The Committee have likewise been requested by the Foreign Office to pro- 
cure suitable sets of instruments for Nyasaland. This has been effected at a 
total cost of 66/. 8^?. lOd., for which two mercurial barometers, two maxi- 
mum and two minimum thermometers, two hygrometers, twelve ordinary 
thermometers, and fourteen rain-gauges have been procured. The two sets 
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of instruments previously forwarded by the Committee to Nyasaland have 
been made over to her Majesty’s Commissioner, subject to the condition 
that the observers to whom they have been granted shall be permitted 
to retain these instruments as long as they are willing to make good use 
of them, and send the results to the Committee. 

All the above instruments were inspected by our Secretary before they 
were forwarded, and the usual Kew certificates have been obtained. 

For this Foreign Office grant we are indebted to the interest taken in 
scientific work by the Right Hon. G. Curzon, and to the advocacy of the 
late Commissioner, Sir Harry Johnston. 

Observations have been received from eighteen stations in Tropical 
Africa. 

Nyasaland . — The supply of instruments recently forwarded will make 
it possible to equip a series of meteorological stations extending from 
Chinde, on the coast, to the southern end of Tanganyika. Mr. Alfred 
Sharpe, her Majesty’s Acting Commissioner, and Mr. J. McClounie, the 
head of the scientific department of the Protectorate, take much interest 
in the work, and have promised to promote the objects of your Committee 
to the best of their power. 

In the present report we are able to publish abstracts of two years’ 
observations made by our old and valued correspondent, Mr. J. M. Moir, 
at Lauderdale. Mr. Moir is, after a holiday at home, about to return to 
Nyasalancl ; but his work has been continued during his absence by Mr. 
Thomson. We are also enabled, through the courtesy of Mr. A. Sharpe, 
to publish rainfall observations for ten stations. Earlier unpublished 
observations for Liviiigstonia have been added from the note-book of the 
late Mr. Stewart. 

British East Africa . — The usual reports have only been received up to 
June last, and we therefore defer their publication until the reports for a 
full year shall have come to hand. 

The Scottish missionaries at Kibwczi, to whom your Committee 
granted a set of instruments last year, have regularly sent in their 
registers since July last. They have been kept with much care, and 
include hourly observations for sixteen term -days, the first of the kind 
recq/ived from this protectorate. 

/A return of one year’s rainfall at Muinia’s, in Kavirondo, has been 
re^teived from Mr. C. W, Hobley, who also forwards a few observations 
m/ade with a Symons’s earth-thermometer. 

' Uganda . — Through the kindness of the Foreign Office, we hope to be 
enabled to publish in our next report full meteorological records for a 
number of stations. In the meantime we present abstracts of fourteen 
/months’ observations on the variations in the level of the Victoria 
Nyaiiza, which have been made at three stations since January 1896. 

IFestern Africa . — No observations whatever have been received from 
Bolobo, on the Congo, and Lambarene, on the Ogowai. From Warri 
(Benin) only one month’s record has come to hand. 

We have learnt with regret that the Rev. Bonzon, at Lambarene, is 
dead, and have taken steps to obtain his meteorological registers, and to 
recover the instruments which were lent him. 

The abstracts published have been made by the Chairman of the 
Committee. 

Your Committee have expended their grant. They propose that the) 
be reappointed, and that a grant be made of 10/. 
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Nyasaland, 

The following are the stations for which meteorological returns will be 
found in this report : — 

Chiromo (16° 31' S,, 33° 10' E., 300 ft.) on the Shire. At Port Herald^ 27 miles 
lower down, 35 in. fell in 1893. 

Cidkwatva (16° 1' S., 34° 66' E., 350 ft.) on the Shire, at the foot of the road 
leading up to Blantyre. 

Nyamteti Plantation^ position uncertain, described as lying in the Cholo district, 
which is to the cast of the road leading up to Blantyre. Observer : J. N. Cox. 

Mandala (16° 48' S., 35° 2' E.), 1 mile to the south of Blantyre. In 1890 
64'9 in. fell on 82 days (F. J. M. Moir). At Blantyre 50-8 in. fell in 1882, 52’9 in. in 
1883, and 66-9 in. in 1886. 

Zomba (16° 23' S., 36° 20' E., 2,970 ft.). In 1892 62-77 in. fell on 95 days, in 189^ 
38-06 in. on 79 days. At Namitembe, on the road to Mpimbi, on the Upper Shire, 
82*32 in. fell in these two years (1892 and 1893) on 186 days. 

Lauderdale Pstate, Mlanje (16° 2' S., 35° 36' E., 2,680 it.). The observations for 
1896 were made by Mr. Thomson, those for previous years by Mr. J. W. Moir. 

The ‘ Crater ’ is an old crater or a basin cut by the Mloza Stream. It lies 2 miles 
to the N.E. of Lauderdale, at an elevation of about 4,500 ft. 

Nyasaland Coffee Compan'i/s Estate, Mlanje, 4 miles S.E. of Lauderdale. 

Dunraven^ a Mlanje plantation, 10 miles S.E. of Lauderdale, near Fort Anderson. 

At Fort Arderson (16° 6' S., 36° 43' B.) 64-26 in. of rain fell on 164 days in 1893. 

Fort Johnston (14° 40' S., 35° 12' R.) on the Upper Shire. The station of the 
African Lakes Company lies to the north, at the southern extremity of Lake Nyasa. 

JAvingstonia (14° S., 34° 46' E., 1,670 ft.). 

Lih}ma(l2^ S , 34° 40' E., 1,670 ft.), a station of the Universities’ Mission, on an island 
near the eastern shore of the lake. The rainfall is considerably less than on the western 
shore at Bandawe. In 1892-93 37*87 in. fell, as compared with 62*35 in. at Bandawe. 

Bandawe (11° 65' S., 34° 6' E.). 'The observations in 1896 were made by Mr. 
11. S. Prentice. The mean annual rainfall for seven years amounts to 67*23 in. 
(ranging from 60-53 to 92 69 in.). Rain fell on an average on 74 days (67 to 126), 
but it seems that these earlier records were not quite complete, no account having 
been taken of the lesser rains which fell between May and September. At NjuyUy 
on the plateau to the west, the rainfall is much less. The annual fall for four years, 
for which we have synchronous records, amounted to 65 02 in. (on 67 days) at 
Bandawe, and to only 24 46 in. (on 41 days) at Njuyu. 

Tanganyika Plateau. The rainfall is considerably less than near the lakes. 

At Maliivanda the rainy season extends from November to April, and 36-19 in. 
fell in 1882-83 (Mr. Stewart’s notebook). 

At Ikan'a 29*5 in. fell in 1896 (according to Mr. l^ewar, of the Mwenzo Mission), 
and at Fwambo the mean for two years (1893-95) was 39-6 in. 


Rainfall in Nyasaland^ 1896. 
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Lauderdale^ Mlanje. Lat. 16 ° 2 ' S.^ Long, 35 ° 36 ' E.^ 2 , 580 feet. Observer : John W. JM&ir. 
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I J)unraven.— The incau annual temperature is about 70° F., 

' the daily range 13'8 F. 

. On January 15, 1896, 9*87 inches of rain fell, and on the 
following day (January 16) 7’68 Indies. 

Mr. Moir, at Lauderdale, recorded on these same days 
12*41 and 9*04 inches, ora total of 21*46 for forty-eight hours, 
as compared with 17 45 inches at Dunraven. 

Livintjstoma . — These observations are recorded in a note- 
book of the late Mr. Stewart, C.E. 

' The aneroid means are said to be the means of the liighcst 
and lowest readings. They arc printed here as they appear 
m the original MS. 

The mean temperatures are deduced from the mean 
maximum and minimum temperatures. 
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Kibwezi: Means of Hourly ObservatioTu, July to December 1896. 


416 


REPORT — 1897 , 


December 1 and 11 

^WltnuH 

9jn889J,][ 


i gg|gS|8gSgfeSJ:S?S2J:SSgSSS;SS 

o 

1 ^JrtfnSSS«OCD«0«0t»b»t»«0PPKP»t'P«0«0P«O 

CO 

a9(}9raouu9qx 


1 w US US US US o o> w «o N O O i> ^ o ^ « o# 

o ^ M i OS M) «s o 00 00 o (k P do <b o >-< »-< o 00 <o CO US 

1 SSSSScoSScocot-i-t-cot-«-t-i>.t>-cococococo 

n 

do 

CO 

Q 

1 t,. <3V US CO US P P ip M ^ lO « l« P P 04 Ift US P 

o <o OS O to CD CO 04 O CO CO CO US CO US ^ rH O CO CO 

1 tocococotococococob~t^t-t^t~t't~»^c^b-cococo CO CO __ 

s 

ja^araoaBa; 


1 eo 00 00 CO OS 04 C» r-( r-< 04 00 ^ £3 £2 -c CO CO DJ eo p CO w ® CO 

i 

ds 

DC 

o8 

B 

1 

?5 

A^ipiranH 

aAi^nioy; 


o US CO US C' b> US 04 US o '<«< US CO 00 04 p £r ^ ^ ^ ^ 

^ O4O4O4O4O4O4O4O40Ot'.b»COCOCOCOUSt^t>,COO4O4O4O4O4 


ojnssajj 

juodeA 


In. 

•662 

•641 

•635 

•632 

•621 

•625 

•622 

•645 

•654 

•654 

•666 

667 

•656 

•657 

•684 

•614 

•658 

•656 

•657 

•677 

•649 

•645 

•634 

•640 

<p 

ao^^araotcuaqx 


uscoeooust.poowNpp^^^yt^^^^^oppppp 
® K»(jsosiusususds^d400p0'~<04 04 04 00 00t^<0c0c0 

ioScoSSJoJocoSSSci^t^-c^cococococococococo 

9 

00 

CO 

Q 

U5«0<OCO»^pcOpMppp>7lOUSp'^Qpt'-MNP'^h- 

° McocoS^SScoS^i^^SMSSfSctSSScococo 



a9!j9moan{£ 


In. 

26-919 
26-913 
26-907 
26-904 
26-905 
26-909 
26-917 
26-927 
26-947 
26-947 
26-942 
26-915 
26-910 
26-890 
26-868 
26-860 
26-879 
26-874 
26-887 
26-897 
26-913 
26-927 
26 930 
26-927 

04 

o 

p 

ds 

04 

October 1, 11, and 21 

A^lipiranjf 


- «Ot^OJ'^.-if-iC<*OOOOCD(S404USCOC<»MWCOt-iOOOOOpt'- 
° 0000000> 04 04 04 00t^COUS'i}<'.Jl'«}<'<<'cJ<'cj<'^USUSCOCOb-^- 

CO 

arnseajx 

jnoduA 


. o4oocooooo4coc-cot'-cOi— ieooc4T*<>ij<N04pi^04c«co 
fl S^coeoSoOcooot-.cooi'-t-eocoffCr-irHiSN'Jcoo 

1^ USUSUSUSUSUSUSUSUSUSUSCOUSUSUSUSUSUSUSUSUSUSpp 

ip 

joiiamorajaqx 

o 

t>.04r-(COO>USDC*Ot^04f^p^p»^'i<®>^t^'^D<Mp’^ 

° CO D< M P p o 6 « US CO 6 p o o ds do CO ^ « !|0 ^ 

COCOCOCOCOCOCOCOCDCOCO»'-t'-C^t^CDCOPCOCO«OCOCeP 

<p 

ii 

CD 

>> 

P 

® ds «o ■»(< 04 d» d* P 6) US p US CD » » ^ p ^ ^ ^ P 

<OCOPPCOPPCOI^t>-OOCOCOQOOOOO<»OOX!C-»'"C»C-P 

ID 

jo^oraoana: 


COD4USPuSD«P00PD400D4P'<J<COfO-UfOMi-IC<COCOQ0 
• r-<'»t<CO^"aOPPPf-ICO^PUSD>PPC»PP'^'fUS00CO 

O p P P P p P p p P P p p P 04 P « « JO p P p 04 P P 
" r''-«5<»dsdsdsPc»Pt^Pd5d5Pd5d5d5pd5d5pcopco 

§ 

p 

ds 

w 

September 1, 11, and 21 

i^ipimnH 

OA^tllOH 

o 00 «p p f-i f-4 ^ v - 00 rH 00 «D US N ee »«« 00 t- 

p, eooooooocfec»o>t'»«ous'^^etsr<scoc«5'ij<'V<'H»usco»b.oe 

OS 

CO 

ojnssojx 

anodt?A 

In. 

•452 

•435 

•415 

•406 

•394 

•381 

•368 

•368 

•492 

•505 

•469 

•454 

•482 

•479 

•464 

•472 

•490 

•455 

•448 

•460 

•481 

•476 

•488 

•496 

o 

J9^amouu9qx 


rU p p t» p p p p CO ^ 'V P p p P p p p 7^ p 

® dodsusdi<eo«<^'ct<c<d(«>Jsus*^c'>*»^t^d»usdsd<d«^f-iO 

USUSUSUSUSUSUSUSCOCOCOCOCDCOCOCOCOCOCOCOCOCOCOCO 

2 

CD 

Q 

p US p .-1 « 04 D4 b- « D4 US O P c- p US 04 p p 7^ p 

® Aiosr'.t'-us'VdsoooiisQC^dst’-dop'cfi-Hd.eo-^docO''}* 
COuSU5USUSUSUSuSI'.h-«OOOOCOCOOOaOCOh»b*b-CDCOCO 

04 

o 

ao^omoava 


CO 00 CO rH .-1 00 04 I-H US 00 O <-i <N Q 04 b- -If CO V< -ct* I 

• D<O5 04 04 04i-IOe0USUS'4<<N04 00 C0.---U^'«fUSpO."<-f 

O p$04 04pppOOpppp04 04ppppC4pppp 
" b.»^cocodDc-i^t-t^»^|t.i^dococoi><©dDdscodsb*t^t'. 
0«C«C<C^<ND»WMC»(S4<MO<D4Die«D«D4Me^D»(MINDSD« 

c<s 

04 

04 

August 1, 11, and 21 

iC^HpuntiH 

9Ai‘jt?p'y[ 


tj Q0t^00QOcoeo(?<e»-f'.f00cousc?sc74t-r^(?^u5co-f»'-SD4 

fi, 00 00<»00O4O4O4O4pt'.«OCOUSUSU5USUStOtOC»l—t-00e0 

ID 

9Jn8b9JJ^ 

jnodt?A 


In. 

•537 

•530 

•532 

•626 

•638 

•526 

•507 

•524 

•546 

•541 

•535 

•522 

•468 

•511 

•514 

•516 

•506 

•513 

•507 

•523 

•507 

•498 

•506 

•508 

X 

p 

a9!joniouu9qx 


coppppppppppr^ppppppppppp'^ 

® DcdidcAii^.^O-^ds'^'^'-fus'-fususTf'ifdsdsMT^iMiiu 

9 

CO 

CD 

p 

pppppppppaoo4pcopppt'.po4ppppp 

0 -if 4f •-f cs « ds ds 04 04 ds df US US ds lis ds ^ 04 ds US •»>< 

COCOCOCOCOCOCOCOCOCOt^t— C'-t'-C— t— cococococo 

CO 

00 

CO 



COCOOS-cfOSCOi-IOOCOCOC-JOSNOO^i-iOt^COCCC-^OOCOC- 
^ USO>COC03t'.f^US040600ep-^i-l04 00 04 t^OOQCO^USCO 

^ p p O p p p p P p P p O P O p 04 P 04 p p p o p p 
t>.r..c-.c^t--r«|..r'>t-«t-.h.t'.d.r„dscodscodst'>t^t'-C'f'- 

C40<D4C4C4D4O«C4C4C4C4D«D4D4D4D4C4D4D4C-4D40i«DID« 

00 

CO 

p 

July 11 and 21 

it^lipininH 

OAI^BIO^J 


o tv.00OO«COe<SC— USCOCOi— I00404..HD4USOOOC'CO'— ' 
p. aoaoo4 04 04 04 04oooocoususus--f'-fusususcocococot'-ao 

o 

oanssojj 

JUOdBA 


. uscoococcD-40'-HC-»^^-,tiuscoi-^040QOOousaoususr- 
p CO -f -f C4 .1 rH rl t- O D» 00 00 CO CO US CO CO CO 00 CO US t-- 04 04 

M -cf -dc -Cf -f -cf -cf US US rf -If -cf -.f -cf ^ --f -cf -cf -If ^ -cf 

US 

CO 

ua^araouuaqx 

"S 

P --f p p p 1^ O p p 04 p P p p P -If P p p P p 

° aod-dsus'if-<f'-fdOft4--fds-ifus'-fds'ifdsdsdsdc.i-i.i-ii-r-< 

USUSUSUSUSUSUSUSCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO 

00 

p 

p'-fp';fppppp^usa4t-.c-«04usoo404ppppp 

od4d.d.coususAidsd«-cfd-dob-dsdsds'cfD4rii6doojf 
coususususususcocor^t'-r^r^c-.t^r-t-.t— (--t^c^cococo 

cc 

CO 

J9^9mOJV{{ 


CO p -f p CO 04 op -v* 04 »- US US 00 « 00 00 CD C-H CO t- oo P £7 2 

C3 •~'Oep0004040000CCiSe*SD4 000^usuSCOpC-2®£5!5 

a rPPPP9P’r'’r'r--''r r'opPPPPPP-r'r^T' 

DC<?CC-C<N©«<S»eC<MO«D»04DlC'4D4ff4D4D«<?4D«C-4(?CD4C'4D4 

04 

9 

« 

(B 

§ 

w 

1 

ja 

J^i-IOCC<»-fUSCOI^a0040i-u.®rHCC«<S.4<USCOC~CC040^ 

a 

g 


A’liirp-n.— The instruments used since July are those supplied by the Committee of the British Association, The barometer observations have been reduced to 32® P. and to 
46® N lat.. but not to the sea level. Vapour pressure, dew point, aqd relative humiditjr have be?n computed from Tables 40 to 4g in the ‘ Smithsonian Jleteorologioal Tables,’ 
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Variations in the Level of Victoria Nyanza 
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Ibim Notes. 

— “ The obsei v.ations on the rise ami fall of the 

Port level ot V ictoria Nyanza were bt-pun in .1 .uinury 

Port Alice A''ic- 1896 by direction of Sir Eiiiest .1. I.. Bciki h v, 

I I tona H M.’s CommNsioner, who jlaced thi.s woik 

— i - under the charge of Mr R. J I) Muc.illmter. 

I Amt. lDa\ s Days There are at present thiee stai ions : — 

I Port Alia-, or Ntehe. the Lake Port of tlie 

1 capital. The observations are made daily at 

I ■ noon. The observers were Major A. E. Sinith 

(January), Mr. Alex, Ceo Bo\lo (Februaiy to 

September), and Mr. 1' red. I’ordago. 

A wfii/rt, near the outlet of the Victoria Nile. 

Observer, up to the beginning of Ftbruaiy 1897, 

Mr. W. (irant, 

Port Vu(()7ia,o\i Berkelev Oulf, in tlie N E. 

_ cornel ot the lake. Observer, up to the end ol 

189G, Ml R. J D. l\[aeallister ; since that time 

1540 4 Z Mr.O W.Fowlei 

.J Z o At Lubwaand Port \bctoria tlieobscrvations 

g aie made at 9.30 A.M. (»bser\ atioiis on the riun- 

.(.K (. fall aicmadeatPoitAlicconlj, no gauges being 

2 23 A availalile. 

J r ~ Caie has been taken, \\hen fixing the gauges, 

g to pievent a subseiiueut (-etflemeiit, 

1 ( )n beginning their work the observers wcie 

2 ~ necessity compelled to choose an aibiti.uy 

•OH o Z datum level. In our abstract tlie datiun h'vel ac- 

“ cepted istlie mean level ot tlie lake duiing IHDb 
" :: H In the aceouipanying tables Iheiesults are 

; given bv decades, and also by inontlis. 

111 cx.imining this inteiesting record it u Id 
■" J _ J’ be found that the iufineiice ot the rntnjall 

" upon the lo\el of tlie lake IS not so immediatel} 
~ “ apparent as miglit liave been e.xpected. Thus, 

, ' J 7 ; « rainfall of 2 36 in on November 14, 1890, only 

^ ” <-ansed a rise of the lak(* to the extent of 0 76 111., 

. and th<‘ heavy rainsduring Oetolierand Novem- 

). “ ber(lC'(>4 in.) influenced the lake level to the 

" ■ I ® extent of only about 5 in, Evaporation, no 

;2 " doubt, as also the irregular dhstribiition of the 

^ ^ p rams over a lake covering an area of 25,000 sq. 

^ miles, go tar to explain this 

’ .a- o ^ The tciuiis exercise a demdiMl influence upon 

I ", the level ''I’hev aieregiilnr land and lake la ee/es, 

I ^ Idowing oft-shoie (from tlie E. or N E.) in the 

! — j j imanmg,. mdeliiingiiig about noon to \y or S.W. 

I — — I — ' The lake breezes aie moip esi)e( uillv important, 

I and Mr .Maeallister lemark ^ th.it a strong S W. 

biecze will cause a use in the level of the lake 
•OH 2 1 extent of fiom 1 to .3 in 

•47 2 5 As the observations at two of the stations are 

] 20 2 0 made m the inornmg the actual mean level 

J 21 7 0 IS proKihly a little higher than it is made to 

i .52 3 2 appear from our iibsti act. In ordei to tr.iee tlie 

j J 3 1 intluence of the wind upon the l.ikelevel it would 

I be neeessaiv to establi-h a self-iegisteiing 

I ■ I ■ gauge (U to make obseiva- 

I Fluctuations J tioiis at le.ist tlinee daily 

— . — - — Pain Fall I Taking the mean of the 

I Port I T 1 Poit I Mice three stations w e find that 

la AI.ee Vietona ^ , on .T.muaiy 1 thelevelstoo.l 

_ I 178 in aboxo tlie datum. 

In. In. In. In. dati)' 

3 2,'}* 37* I * i I was3s3 in helowit, adiffei- 

3 0 5.5 Z5 _ _ once of 11 ■! ill. The level 

1 3.5 5-0 0 7 I „ \\ as highest iii the begin- 


treme range amounted to 
18-2 in. (Port Alice 19*0 in., 
Lubw.x 17 5 in., Port Vic- 
toria 18'2 in.) 

It IS desirable that simi- 
lar observations abould be 
made on the S , E., and W 
shoiesof tlielakc. Thecoii- 
luction ot the-G'-tationsby 
linos of spii it levelling can 
I hardly he looked for for 
; m.ui) y eais to come. 
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TjXferimeiits on the Condensation of Steam. Bij H. L. Callendar, 
M.A., F.R.S.^ Professor of Physics, and J. T. Nicolson, B.Sc., 7Vo- 
fessor of Meehan lc(d JEnyineermy, McGill University, Montreal. 

[Ordered by the General Committee to be printed i?i extenso.'] 

Part I. — A Neio Apparatus for Studying the Rate of Condensation of 
Steam on a Metal Surface at Different Temperatures and Pressures. 
By Professor H. L. Callendar, and Professor J. T. Nicolson. 

As the result of some experiments by electrical methods on the measure- 
ment of the temperature changes of the walls and steam in the cylinder of 
a working steam-engine, which were made at the McDonald Engineering 
Building of McGrill University in the summer of 1895, the authors arrived 
at the conclusion that the well-known phenomena of cylinder condensation 
could be explained, and the amount of condensation in many cases 
predicted from a knowledge of the indicator card, on the hypothesis that 
the rate of condensation of steam, though very great, was not infinite, but 
finite and measurable. An account of these experiments was communi- 
cated to the Institution of Civil Engineers in September 1896, and will, it 
is hoped, be published in the course of the ensuing session. In the mean- 
time, the authors have endeavoured to measure the rate of condensation 
of steam under dilferent conditions by a new and entirely different method, 
with a view to verify the results of their previous work, and also to estimate 
the influence, if any, of the film of water adhering to the walls of the cylinder. 

In considering the condensation of steam on a metal surface, it is usually 
assumed that the surface exposed to the steam is raised up to the 
saturation temperature corresponding to the pressure of the steam, and 
that the amount of condensation is limited by the resistance of the water- 
films to the passage of heat from the steam to the metal and from the 
metal to the water. If the steam contains air, there may also be a 
considerable resistance due to the accumulation of a film of air on the 
surface, but it is comparatively easy to exclude this possibility in 
experimental work. 

In the steam-engine experiments above referred to, it Was practically 
certain that the water-film due to the cyclical condensation never 
exceeded one-thousandth of an inch in thickness, and that the resistance 
offered by it was unimportant. At the same time, it appeared clear that 
the temperature of the surface of the metal at its highest was considerably 
below the saturation temperature of the steam, a condition which could 
only be explained by supposing the rate of condensation of steam on a 
surface to be limited by some physical property of steam itself, apart from 
the resistance of the condensed film of water. Interpreted in this manner, 
the experiments led at once to the conclusion that the rate of condensation 
at any moment was simply proportional to the difference of temperature 
betNveen the saturated steam and the surface on which it was condensing. 

The limit thus found was shown to be capable of explaining many of 
the phenomena of cylinder condensation in a rational manner, but the 
method by which it was establisned was of an indirect and somewhat 
intricate character, and appeared to require some simpler and more direct 
confirmation. 

If the rate of condensation of steam were really infinite, it should be 
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possible, by a suitable modification of the surface- condenser method, to 
obtain values of the condensation considerably in excess of those given by 
the formula deduced from the temperature cycle observations. 

To accomplish this, it is necessary to eliminate as completely as possible 
the resistance to the passage of heat of the water-films between the steam 
and the metal, and between the metal and the circulating water, and at 


STEAM /NLET 



J TO SC PA A TOM 


the same time to measure as accurately as possible the temperature of the 
metal. 

These considerations led to the form of apparatus shown in the figure. 
The resistance to the passage of heat from the metal to the condensing 
water in this apparatus is practically eliminated by employing a thick 
cylinder, 5 in. diameter and 2 ft. long, with a screw thread cut on its outer 
surface. Water from the high-pressure mains is forced to circulate round 
this surface with a very high velocity, in the narrow space between the 

E K 2 
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cylinder and the surrounding tube. In this manner it is possible to obtain 
a very uniform temperature for the external surface, differing but little 
from that' of the circulating water. 

If the cylinder is made sufficiently thick, its temperature may be 
approximately determined at any depth by inserting mercury thermometers. 
It was intended at first to use thermo-couples for this purpose, but the 
apparatus in this form would have been unsuitable for students’ use in the 
ordinary course of laboratory work, which was one of the primary objects 
in view in the construction. It would also have been desirable to make 
the cylinder of copper, which would have reduced the resistance of the 
metal to the lowest point. The authors wei*e compelled, however, to 
content themselves for the time with cylinders of cast iron and of mild 
steel. 

The internal surface of the cylinder, upon which the steam vras 
condensed, was a hole one inch in diameter, drilled in the solid metal. In 
order as far as possible to minimise the resistance of the surface film of 
condensed water, a revolving brush was co7istructed of very thin strips of 
steel to wipe the surface five or six times a second. This wiper was found 
to wear in a very short time to so perfect a fit, and the water-film must 
have been so energetically stirred, that its resistance to the passage of 
heat must have been far less than that of the best conducting metal. 

Under these conditions, if the rate of condensatioji of steam were 
infinite it should have been possible to obtain a rate of condensation many 
times greater than the limit deduced from the cylinder condensation 
experiments above mentioned. 

On making the experiment, however, it was found that the wiper 
made very little difference to the amount of condensation. With the 
wiper revolving at the rate of 160 per minute, the condensation was 
increased by about 5 per cent, on the average of several experiments. It 
may be concluded from this that the drops of condensed water with which 
the surface is partially covered are in such rapid motion that they do not 
appreciably obstruct the passage of heat from the steam to the metal. 
A film of the same average thickness, if it were absolutely quiescent, and 
if its conductivity, as generally estimated, were only one-hundi'edth of 
that of cast iron, would no doubt prove a serious obstacle, but, as a matter 
of fact, the viscosity of water at these temperatures is so small, and the 
motion so rapid, that the drops cannot be treated as a quiescent film. 

The temperature at various distances from the inner surface of tlie 
cylinder was determined by means of mercury thermometers inserted to a 
depth of 8 or 9 inches in holes drilled parallel to the axis. From tlie 
temperatures so observed, tlie conductivity of the metal and the tempera- 
tures of its inner and outer surfaces could be approximately inferred. It 
was found, however, that the presence of the holes interfered niat(n-ially 
with the flow of heat through the metal, and that the readings of the 
thermometers under those conditions were not altogether trustworthy. 

From a number of observations on the cast-iron cylinder, a conductivity 
of 5-3 thermal units (pound degree) Fahr. per square foot per minute was 
deduced for a gradient of one degree F. per inch ; a result which agrees 
very closely with the authors’ previous determination by a different 
method. For the steel cylinder a conductivity of 5*8 was similarly 
deduced. These results apply to a mean temperature of about 140° F., 
and are much lower than the values generally assumed for iron. 

In order to verify the authors’ previous result as to the rate of 
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condensation of steam, the temperature of the inner surface of the metal 
was calculated on the assumption of a rate of condensation equivalent to 
074 T.U.F. per second per square foot per degree F. difference of 
temperature. The values so found agreed with the observed temperatures 
within the Hmits of error of the observations. Owing to the inferior 
conductivity of the iron, the test was not altogether satisfactory, as the 
difference of temperature between the steam and the surface rarely 
amounted to as much as 30 degrees. With a cylinder of pure copper, and 
using thermo-couples for determining the temperature at a given depth, it 
should be possible to obtain a more certain confirmation by this method. 

In performing the experiments, a number of variations in points of 
detail were introduced from time to time. The flow of the circulating 
water was varied in velocity, and directed in difierent ways. In order to 
secure uniformity in the distribution of temperature measured in different 
directions from the centre, the spiral circulation was found to be essential. 
In the second apparatus, the screw thread was at first replaced by a baffle 
plate, which was intended to direct the water into a spiral course, but the 
results found were unsatisfactory. 

In some cases steam was admitted from the top of the apparatus, and 
in other casc3s from the bottom. With the steam supply at th(3 bottom, it 
was found that the condensed water refused to drain down the vertical 
1 inch tube in opposition to the current of steam, although the maximum 
velocity of tiro steam could not have excecjdcd 10 feet j)cr second. 

The following set of observations, each of which represents the mean 
of several taken on different days under similar conditions, will sufficiently 
indicate the general nature of the results. 


Condensation Results Summary. Mild Steel Bar, Wiper Removed. 


Condensa- 

tion 

T.U. per 
sq. ft. sec. 




Temperature 

m Met.il at Distances 

('on- i 

Steam 

Surface 

Difforeuco 

. 


— 

.. _ 

due- i 

Temp. 

Temp. 

Steam and 

1 in. 

i 

in. 

2 in. 

tivity ' 

Obs. 

Calc. 

Surface 

Calc, j Obs. 

! Calc 

Obs 

Obs. 

t 

20-0 

330° 

303° 

1 27“ ! 

20S° 1 214° 

j 151° 

152° 

113° 

5 81 

17 2 

300° 

277° 

2:i° 1 

103° 1 10H° 

1 13° 

112° 

109° 

5 00 , 

15 4 

271° 

253° 

2i° 1 

‘ 1 

170° 1K4° 

! 130° 

131° 

105° 

5 81 ! 

_ 1 


The temperatures of the metal at distances of 1 inch, 1*5 inch, and 
2 inches, from the axis of the bar, were observed by means of mercury 
therm ometers which were very carefully centred by small iron washers 
in holes filled with mercury. The hole fitting the bulb of the 1 inch 
thermometer was inch in diameter. The other holes wore inch. 

It will be observed that in this particular s(‘fc of experiments, the 
temperatures at 1 inch in the metal, when calculated to agi ce with th(3 
assumed rate of condensation, are all too low as compared with those 
observed, whereas the temperatures similarly calculated at 1*5 inch are all 
too high. This might at first siglit appear to indicate a very rapid 
diminution of the conductivity with rise of temperature, but, after making 
various tests, the effect was traced partly to the disturbance of the heat 
flow caused by the presence of the holes, and partly to differences of 
density of the bar in directions at right angles. The latter differences 
were not observable in the case of the cast iron. 
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The observations taken at different pressures do not indicate any 
marked difference in the rate of condensation per degree-second. These 
results, so far as they go, are in agreement with the authors* previous 
work, but they hope to be able to obtain more conclusive evidence. 

Part II. — An Electrical Method of Measuring the Temperature of a Metal 

Surface on which Steam is Condensing. By H. L. Callendar, M.A.^ 

F.R.S.y Professor of Physics^ McGill University^ Montreal. 

The object of the following experiments, which were made at the 
McDonald Physics Building with a different apparatus, was the measure- 
ment of the temperature of the metal surface itself by a more direct and 
accurate method. It was also desired to verify as exactly as possible 
whether the rate of condensatioii of steam at atmospheric pressure were 
the same as at the higher temperatures and pressures at which most of the 
preceding experiments were made. 

The condenser used tor these experiments was a very thin platinum 
tube, a quarter of an inch in diameter and sixteen inches long. The 
thickness of the tube was only six-thousandths of an inch, and the greatest 
difference of temperature between its inner and outer surfaces at the 
maximum rate of condensation observed in the experiments could not have 
been greater than a quarter of a degree Centigrade. 

The mean temperature of the metal itself was determined in each case 
by measuring the electrical resistance of that portion of the tube on which 
the steam was condensing. The author has had considerable experience 
in the application of this method, which, moreover, is very easily applied 
if suitable apparatus is available. 

The platinum tube was enclosed in an outer tube of brass or glass, and 
steam was admitted to the space between the two tubes. A steady current 
of condensing water was maintained through the platinum tube. The 
amount of condensation cOuld be inferred by measuring the flow of water, 
and observing the difference of temperature between the inflow and the 
outflow. In many cases the condensed water was also measured. 
Applying a small correction for radiation, the two methods always agreed 
within one-half of one per cent. The pressure of the steam in the outer 
tube, which was never far from the atmospheric, was observed by means 
of a mercury column. 

The conditions of the experiment as to flow of water and steam, size 
and length of the external tube, ifec., could be varied within certain limits. 
The following is a summary of some of the more interesting results ob- 
served. 

1. With a short length of condenser and a very free escape of steam, 

the condensation observed was equivalent to 22*2 thermal units F. per 
square foot per second, for a difference of temperature of 28°'5 F. 
between the steam and the metal surface. This is equivalent to a rate of 
condensation of 0*78 T.U.F. per degree-second, reckoned per square foot 
of the surface of the metal. This was the smallest value of the rate 
observed. The platinum tube was vertical, and the current of steam 
downwards, conditions which tended to keep the surface of the metal 
comparatively clear of condensed water. ^ 

2. With the same conditions, but with a length of tube nearly twice 
as great exposed to the steam, the condensation observed was 22*3 T.U.F. 
per square foot per second, for a difference of temperature of 25^*3 F. 
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This gives a rate of 0*88 per degree-second. Tlie lower half of the tube 
was more thickly covered with water than the upper half, the steam also 
was full of flying spray, which may have assisted in conveying heat to the 
metal, and in maintaining the same rate of condensation on the lower half 
of the tube as on the upper half, in spite of the somewhat higher tempera- 
ture of the circulating water in the lower half. 

3. With the same arrangement, but with the steam current reversed 
and reduced until the escape was as gentle as possible consistently with 
keeping the tube full of steam and entirely excluding air, a somewhat 
larger rate of condensation was observed, namely, 23*6 T.XJ.F. per square 
foot per second. The pressure throughout the tube was very nearly 
atmospheric, and the gentle upward current of steam tended to keep the 
tube very thickly covered with drops and rivulets of water. The difference 
of temperature was only 22°'0 F., giving a rate of condensation of 1*07 
T.U.B\ per degree-second. This is equivalent to 2'25 watts (joules per 
second) per square cm. per 1° C., and was the largest value observed 
throughout the work. It would appear probable that the surface exposed 
by the drops is so much greater (in the present instance about twice as 
great) than the surface of the metal, and that the drops themselves are in 
such rapid motion, that the increase of surface by facilitating condensation 
more than compensates for any resistance which the water-lilm may offer 
to the passage of heat to the metal. 

4. To verify this view, the outer glass tube was replaced by a much 
smaller tube, so as to leave very little space for the steam current. The 
pressure of the steam was thus raised to nearly four inches of mercury 
above the atmospheric at the entrance of the tube, and the surface of the 
platinum was violently scoured by a spiral rush of steam and spray. 
Under these conditions, the condensation observed was reduced to 19*2 
T.U.F. per square foot per second, instead of being increased as might 
naturally have been expected with so strong a current of steam. The 
eflect of the energetic scouring of the metal surface was shown by a slight 
rise of temperature of the metal as compared with the previous experi- 
ments. The observed difference of temperature between the metal and 
the steam in this case was 19® ‘8 F., giving a rate of condensation of 0'97 
T.U.F. per degree- second. 

From these and similar observations, in which the conditions of the 
experiments were varied to a certain extent in points of detail, it may be 
concluded that the presence of water on a metal surface may tend to 
increase rather than diminish the amount of condensation. The rate of 
condensation of steam at 212® F., allowing for the fact that in these 
experiments the surface was unduly increased by the presence and motion 
of tlie water drops, would appear to be at least of the same order of 
magnitude as the value deduced from experiments on the cyclical con- 
densation in the cylinder of a working steam-engine in which the 
temperature of condensation varied from 290 F. to 330® F., and the rate 
Vleduced was 0*74 T.U.F. per square foot per degree-second. Since, how- 
ever, it is possible that the latter value was diminished to an uncertain 
extent by a slight film of grease on the hot and dry surface, and since the 
value deduced from the surface-condenser method is perhaps a little too 
large owing to the presence of the water-film, it would be unsafe to 
conclude that the rate of condensation is the same at different tempera- 
tures, although the evidence so far as it goes appears at present to point 
in that direction. 
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Comparing the three different methods of experiment, which all lead 
to a similar result, it may be regarded as highly probable that the old 
view of an infinite rate of condensation requires revision, and that the 
value of the rate of condensation of steam on a metal surface, as determined 
by the author’s previous experiments, is at least a first approximation to 
the truth. The question at issue is one of fundamental importance in the 
theory of the steam-engine, and the authors have shown in the Paper 
already quoted that, if the law of condensation there proposed be admitted, 
a number of interesting practical deductions can be made, and problems 
may be solved which have not hitherto been regarded as amenable toother 
than empirical treatment. 


CaIihratio7i of Tnsiruments used in Entjineering Lahoratories . — 
Apjiendix to lieport of the Commitlee, consisiintj of Professor A. B. 
W. Kennedy, FJl.E. {Chairman), Professor J. A. Ewing, If 7^.6'., 
Professor D. S. Capper, Professor T. H. Beake, and Professor 
W. C. Unwin, F.R.S. (Secretari/). 

The Committee obtained measurements of the elongations under tension 
of a set of test bars made by difierent instruments and observers. A 
comparison of the results was given in the Report for 1896, pp. 538-548. 

The Committee applied to Professor A. Martens, of the Teclinische 
Hoohschule, Charlotteiiburg, to make some similar measurements with 
the instruments at Berlin, for comparison with the measurements made 
in this country. Professor Martens very kindly consented to make these 
measurements, but his report was not received till February this year. 

The measurements at Berlin appear to have been made with the 
greatest care, and with three different testing machines. The variation 
in the extensions with different loads is less than that in most of the 
measurements made in this country. 

The following is a general comparison of the average result obtained 
at Berlin, with the average of all the results by different observers in this 
country for corresponding bars : — 


Copfficient of Elnsticity. {Tons per square inch.) 


Bara 

Average of 

Average of 


BejHn results 

country 

E, F, 1 1 inch diameter ..... 

13204 

13219 

K, L, f inch diameter ..... 

13373 

1321.’; 

A, B, 2 inches by A inch ..... 

13041 

13193 


The tables of details are appended : — 


Results of Tensile Tests made with Rod E. 

Diameter ....... rZ = 31 '8 millimetres 

Section ........ F = 794-2 square rnillimetrcf+. 

Measured Length ...... L = 200 millimetres. 

Elongation-measurer ..... Martens’ Mirror Apparatus. 

Machine ........ Werder’s System. 

Temperature of room Z = 1C° to 17° Centigrade. 
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Load 

P. 

Kilos 

Increment of Elongation in 0*0001 mm. for every 

2,540 kilos. 


In senes of experiments 

Average 

Remarks 


1 

2 

3 


5 

6 

7, 

8 


2,540 

5,080 

7,620 

10,160 

12,700 

15,240 

17,780 

20,320 

(306 2) 
301 

308 

310 

308 

307 

309 

306 

(305‘5) 

309 

308 

306 

303 

305 

309 

308 

(306-7) 

308 

306 

307 

305 

303 

307 

305 

307 

306 

307 
303 
305 
309 
-301 

308 

301 

305 

303 

304 

306 

307 

306 

307 

305 

303 

306 

304 

307 

309 

309 

307 

306 

306 

307 
306 

309 

306 

308 

.304 

306 

307 
305 

(306 5) 
307 1 

306 8 
306-9 

304 4 

305 3 

307 3 

306 0 

The experiments on 
the ‘ Wenler’ maclune 
were commenctHl with 
an initial load of 2,540 { 
kilos. 1 

The elongations in i 
brackets () per 2,540 j 
kilos were determuietl 
on the 50 tons Polil- 1 

Average . 

307-0 

306 9 

305 9 

J 

305 9 

i 

305 3 

305-4 

307 1 

3<J6 1 

306 2 

meyer machine. | 

2,540 

1 

-4 

+ 9 

+ 2 

±0 

+ 1 

+ 4 

+ 1 

+ 1 


Residual readings on ! 
taking off tlie load. 1 

1 1 


ISIodulus of elasticity E = 


2540 . 200 . 10000 _ 
~ 791-2.300 2 


20,890 kilos per sq 


millimetre. 


= 13,249 tons per sq. inch. 


Results of Tensile Tests made with Rod K, 


Di.ameter ...... 

Area of Section 

Measured Length (length between marks) 
Apparatus used for measuring elongation 
Temperature of room .... 


// = 1 9 0 millimetres. 

F = 28.3 5 square millimetres. 
L = 200 millimetres. 

Mirror Appaiatus by Marten‘s, 
t = 17° Centigrade. 




Iiiercment of Klongatioi 

m 0-0001 mm. per 1, 

270 kiloa deteimiiiod on • 



Load P. 


‘ IMarteiis ’ Machine. 

1 

‘Werder ’ 

Machine. 

50-f(»ii Pohlmejer 
Machine. 


Kilos. 














Total 















In senes of experiments 


In senes of expmts 

Aver- 

In senes of expmts. 


age 






Avei - 







Aver- 






age. 




age. 




age. 



1 


3 

4 


1 

- 

3 


1 

2 

3 



1,270 

424 

421 

427 

(-131) 

425-0 




_ 

432 

424 

426 

427-3 

(12 f .2) 

2,510 

425 

4-24 

424 

4-25 

424 5 

131 

426 

427 

428-0 

4-25 

426 

427 

426-(R 

1-26-2 

3,810 

425 

424 

42.1 

423 

423-8 

4-23 

428 

427 

126-0 

426 

423 

425 

424 7 

124-8 

5,080 

430 

424 

433 

422 

427 3 

424 

426 

4-28 

426 0 

122 

125 

424 

423-7 

425*7 

6,350 

427 

431 

422 

426 

426 5 

425 

4-25 

4-26 

425 3 

4-25 

425 

425 

425-0 

425 6 

7,620 

1 

426 

425 

426 

4-26 

425 8 

423 

426 

124 

421-3 

119 

4-20 

424 

421-0 

423 7 

Average 

426-2 

425 3 

425 8 

421 4 

425 5 

125-2 

426-2 

126 4 

4-25 0 

42 1 8 

423 8 

425-2 

424-6 

425-4 

0 

+ 4 

-1 

+ 5 

+ 2 






+ 1 

±0 

±0 



1 Resi- 

1,270 

+ 5 

+ 5 

+ 2 

( + 2) 


1 

±0 

+ l 


-I 

+ 2 

+ 2 

“ 

' dual 
Read- 






1 









ing oni 
tak- 















1 ’”1^' 
off rho' 






i 

1 









1 load. 


Modulus of elasticity E= ^ =21,061 kilos per sq. mm. 
283-5.425-4 


= 13,373 tons per sq. in. 
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Results of Tensile Tests made with Rod B. 


Width 2> = 60-4 millimetres. 

Thickness (C?s= 12 9 millimetres. 

Section F = 650*2 square millimetres. 

Measured Length L = 100 millimetres. 

Elongation-measurer Martens’ Mirror Apparatus. 

Machine Werder’s System. 

Temperature of room t = 17° Centigrade. 


Increment of Elongation in 0*0001 mra. for every 2,510 
kilos. 


Load P. 
Kilos 

In series of experiments 

1 

Average 

Remarks 


1 

2 

3 

4 

5 


6470 

6080 

7620 

10160 

12700 

192 

189 

190 

190 

192 

190 

192 

188 

192 

185 

191 

191 

192 

191 

188 

192 

191 

189 

191 

188 

191-8 
188-8 
190-4 
189 8 

^55? =20,539 

2 

mm. = 13,041 

Average 

190-3 

190-5 

189 8 

190-8 

189-8 

190-2 

. 05 « .S 
o aj 

O • o fH 

2540 

±0 

+ 2 

± 0 

■+1 

±0 

Residual 
readings 
on tak- 
ing off 
the load 

rH sq Q-, 03 

• 6 « S. 

^ PhS 

II CO ^ 


Screw Gauge. — Second Report of the Committee^ consisting of Mr. 
W. H. Pkeeoe (Ghairman), Lord Kelvin, Sir F. J. Beam well, 
Sir H. Trueman Wood, Major-Gen. Webber, Col. Watkin, Messrs. 
Conrad W. Cooke, E. E. Crompton, A. Stroii, A. Le Neve 
Foster, C. J. Hewitt, G. K. B. Elphinstone, T. Buckney, 
E. Eigg, and W. A. Price (Secretary), appointed to consider 
means hy uihicli Practical Effect can be given to the Introduction 
of the Screw Gauge proposed by the Association in 1884. 

At the meeting in Liverpool in 1896 your Committee reported that 
sufficiently accurate gauges of the British Association screw threads were 
not generally procurable. They described methods of exactly measuring 
male threads, and proposed a form of gauge for male threads which they 
anticipated could be more accurately produced, and more easily verified 
than the forms in common use. 

In continuation of this course they have been in correspondence with 
some of the principal tool-makers in England and America, with a view 
to procuring accurate gauges of the different screw threads of the British 
Association system constructed on the lines indicated in their last 
report. 

The Pratt and Whitney Company of Hartford, Connecticut, had 
already begun to construct tools for these threads, when the Secretary of 
the Committee wrote to them, and are giving close attention to their 
accurate production. The Company have kindly promised to communicate 
with the Committee as soon as the work is sufficiently advanced to allow 
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them to make proposals for the supply of the gauges, and the Committee 
hope that exact gauges will soon be obtainable from this source. 

In the meantime they ask to be reappointed, with a grant of 20?., 
including the 10?. granted last year but not drawn. 


Linguistic and Anthropological Characteristics of the North Dravidian 
and Kolarian Races, — Interim Report of the Committee, consisting 
of Mr. E. Sidney IIartland (Chairman), Prof. A. 0. Haddon, 
Mr. J. L. MyreSj aiid Mr. Hugh Raynbird, Jun. (Secretary). 

The Committee invited Mr. William Crooke, late of the Indian Civil 
Service, the author of ‘ The Tribes and Castes of the North-West Pro- 
vinces,’ recently issued by the Indian Grovernment, and other important 
works on the populations of India, to join them. Mr. Hugh Raynbird, 
jun., whose materials the Committee were appointed to examine, has, 
however, been prevented by various engagements during the current year 
from continuing and completing the laborious work of transcribing and 
translating his collections. The Committee arc therefore unable to make 
any further report this year to the Association ; and they deem it un- 
necessary to ask for reappointment at present. The grant has not been 
drawn from the Treasurer. 


Mental and Physical Deviations from the Normal among Children in 
Public Elementary ami other Schools. — Report of the Committee, 
cousisting of Sir Douglas Galton (Chairman), Dr. Francis 
Warner (Secretary), Mr. E. W. Brabrook, Dr. J. G. Garson, 
and Mr. E. White Wallis. (Report drawn up by the Secretary.) 

PAGE 
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require special care and iraininq on mental or physical grounds The 
classes of children are presented iyi snh-groujts arranged in age-groups and 
according to the school standards . 431 

The Committee reappointed to act in conjunction with the Committee 
appointed for the same purpose by the Congress of Hygiene and Demo- 
graphy continued to act with that body in the study of conditions of 
childhood. Last year we referred to a report ^ published on 100,000 
children examined. Following the- circulation of that report, it was 
decided to establish a society to continue inquiry and research. This has 
been effected under the title of ‘ The Childhood Society ; for the Scientific 
Study of the Mental and Physical Conditions of Children,’ of which the 
Earl of Egerton and Tatton is president, and Sir Douglas Galton chair- 
man. This society now possesses all the records of inquiries conducted 
since 1888, and we have received from them full means of access to these 
valuable records and substantial assistance in preparing this report. 

‘ Report on the Scientific Study of the Mental and Physical Conditions of Child- 
hood, with particular reference to children of defective constitution, and with 
recommendations as to education and training, based on 100,000 children examined. 
Published at Parkes Museum, Margaret Street, London, W., the office of the 
Childhood Society. 
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In presenting our fifth annual report we now give an account of 
1,120 children who appear to require special care and training as being 
sub-normal in their mental or physical status. The cases dealt with are 
derived from three sources: — (1) Records of children seen in public 
elementary schools, 1888-91 ; (2) children similarly examined, 1892-94 ; 
^3) cases collected by the Charity Organisation Society in various parts of 
London and presented for report as to mental and physical status. These 
were examined and individually reported on by Dr. Francis Warner, 
This portion of the work is new, and was specially selected, as evidence 
concerning these children was asked and obtained from these inquiries 
by departmental committees of the Local Government Board, the Home 
Office, and the present Committee of the Education Department on 
Defective Children. The evidence is published in their parliamentary 
reports, and some of the recommendations made have been adopted. 

The class ‘ children who appear to require special care and training * 
includes all cases given as ‘ exceptional children ’ (see Group 5), and in 
addition ‘ all children mentally dull, with defects in development, abnormal 
nerve-signs, and low nutrition,^ i.e.j Group 27. 

'Exceptional Children. — This includes all children whose physical or 
mental conditions show them to be obviously at a permanent disadvantage 
therefrom in social life. This group includes : Idiots (76) ; imbeciles 
(77); ‘children feebly gifted mentally’ (78); children mentally excep- 
tional (79) ; epileptics and children with history of fits during school 
life (80); dumb children (81); and all children crippled, deformed, 
maimed, paralysed. All these exceptional children need to be considered 
individually as to their special requirements. 

Idiots includes all children who on account of their bodily and 
brain defects and the absence of mental power might be certified as 
idiots under the Idiots Act and sent to an asylum. 

Imhaciles. — This includes all children who might be certified as men- 
tally imbecile and transferred to an asylum. Speaking generally, these 
are less hopeless cases than the idiots, and more educable under industrial 
training. Some of these cases were the result of disease, not of congenital 
defect of brain. 

‘ Children feebly gifted Tnentally ' — These children are distinctly 
deficient in mental power, but might not be certified as imbeciles, and 
are therefore not fit for such medical certification. No child was regis- 
tered in this group unless it was believed upon evidence observed and the 
teacher’s report combined to be incapable of school work in the ordinary 
classes. It is difficult to define what physical conditions seen, as apart 
from mental tests, indicate the child as unfitted in mental capacity for the 
usual methods of education, and an arbitrary attempt to do so has not 
been made. There appears, however, to be a large class of ‘children 
feebly gifted mentally ’ with defect of mental power short of imbecility, 
but still with some deficiency. 

Children mentally exceptional , — These children, while not necessarily 
mentally dull, and without brain power, appeared deficient in certain 
mental characteristics and in moral sense, such as habitual liars, thieves, 
and incendiaries ; others were liable to attacks of total mental confusion, 
or periods of total mental ineptitude or violent passion, or were moral 
imbeciles. Some of these children were the offspring of insane parents 
or criminals. It is quite possible that some of these children were really 
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epileptic or subject to petit-mal. Some of these children while thus men- 
tally exceptional were not ordinarily dull pupils in schools. 

Epileptics and children with history of Jits during school life. — In 
every school, inquiry was made for children subject to fits, whether 
occurring in school or alleged to occur at home during school life and 
given as a reason for absence from school. A report given as to history 
of fits was recorded, and the case was entered in this group, but at the 
inspection of a school facts could not be usually observed proving the 
child to be epileptic. 

Children crippled^ maimed^ deformed^ or paralysed. — Any child 
crippled, maimed, deformed, or paralysed was included in this group. 
Conditions of disease and paralysis were in various stages, but in all cases 
the child appeared to be at some permanent disadvantage. The condi- 
tions causing crippling were in various stages : many of these children 
were quite capable of work and play, some were mentally defective ; they 
varied greatly in brain power and in physical health. 

A card was specially preparf'd for each of tliese cases, showing the 
defects present. The tables were prepared by sorting and classifying 
such cards : — 


School Card Fo 

St<^ Beg. Fo. BOYS. 





1' 







A 

DEVELOrMENT DEFECTS. 

47 

0. oculi lax. 


a 1 

Cranium. 

48 

Eye movements. 


2 

Large. 

41) 

Head balance 


3 

Small. 

50 

Hand weak. 


4 

Bosbod. 

51 

Hand nervous. 


5 

Forehead. 

52 

Finger twitches. 



Frontal ridge. 

53 
h 54 

Lordosis. 

Other Nerve-signs. 


11 

External Ear. 

c 

Nutrition 


c 12 

Epicanthis. 

D 

Dull. 


d 13 

Palate. 

E 

Eye-cases. 


14 

Narrow. 

04 

Squint. 


15 

V-shaped. 

65 

Glasses plus. 


]() 

Arched. 

66 

Glasses minus. 


17 

Cleft. 

67 

Myopia, no glasses. 


18 

Other types. 

68 

Cornea disease. 


11) 

Nasal Bones. 

69 

Eye, lost accident 


r 20 

Growth Small. 

70 

Eye, lost disease. 


if 21 

Other Devei^mt. Dfts. 

F 

Rickets. 


B 

43 

Nerve-signs. 

G 

Exceptional Children. 


General balance. 

i 82 

Crtppi.es. 


44 

Exprcbsion. 




45 

Frontal s overact. 




4G 

Corrugation, 

A BC D E F G 
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It is obvious that different educational arrangements are needed for 
the children ‘ feebly gifted mentally/ according as they are or are not 
blind or dumb, while the epileptics form a particularly diflicult class to 
deal with. Again ; crippled children w'ho are not mentally deficient or 
paralysed, are not to be grouped with those so defective. 

Following the experience gained in giving evidence before the depart- 
mental committees and those responsible for the care of exceptional 
children, the cases have been grouped as given in Tables A. The total 
numbers feebly gifted mentally are easily obtainable by addition of the 
eleven sub-groups. 

In the tables the boys and girls are arranged in age -groups, and as to 
the educational standards. 

In Tables B the cases are arranged as in our report presented last 
year. 

Standard O contains children too old for the infant school and too 
dull or backward for Standard L 

Tlie primary main classes of defect are indicated in the tables by 
symbols : — 

A . Defect in develoj^ment only ; not in combination with other class of 
defect. 

B. Ahnornial nerve-dgns only ; not in combination with other class of 
defect. 

C. Pahy th m, or delicate only. 

I). Reimrted as menially dull or backward only. 

Six other primary groups are arranged by taking cases with two main 
classes of defect only. 

Four primary groups present three main classes of defect only. 

One primary group presents the four main classes of defect combined 
in each case. 

The remainder — groups E, F, and G— contain the cases with defects 
not classed above as main classes ; such as eye cases, children maimed or 
crippled, t^^c. 

To obtain the total number of cases with any class of defect, whether 
combined with other class of defect or not, the numbers representing all 
the primary groups containing such defect must be added together. The 
total or compound group AB=primary AB ABC -f ABD -j- ABCD . 

The Committee desire to be reappointed, to act in conjunction with 
the Childhood Society, for the scientific study of the mental and physical 
conditions of children, and ask a grant of £20 in aid of this work . 



Table A 1. Cases seen in Publie EleTnentaTy Day Schools examined 1888— 91, showing ^ the children who appeared to 
require special care and training,' arranged in sub-classes, presenting the class or classes of defect named only. The total 
number of children seen is given in the last line. The cases are distributed first in age-groups, secondly under school 
standards. 
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Number of cluldreu seen 
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F F 2 


Total number of children 
who appear to require 
special training (Group 



Table B 2. — Cases seen in Pahlic Elementary Bay Schools^ examined 1892-94, showing ‘ the children who appear to require 
special care and training^^ arranged in primary groups^ presenting oidy the class of defect indicated hy symbols in the 
margin and explained in the tex\ The total number of children seen in these schools is given in the last line. The cases 
are distributed first in age-groups^ secondly under school standards. 
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pj CO^ ^ |0^ CO 1 

os OS 

88 

142 

No ! 
Standard 

dll I'" 1 ^ 1"“^ 1 

[ ^ 

44 

52 

P5 1 .. „ 1 « 1 

1 S 

l/t> CO 
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Standard 
0 Special 

dll MM 1 MM Mill”'" j-' ■' 

« 11 11 11 1 1 11 1 11 1 1 1 " 1 - 2 

Infants 

d 11 1 1 M 1 i 11 1 1 11 1 1 1 i 

ri 1 1 11 1 1 1 11 11 1 11 1 1 1 1 '* 

11 and over 

d 11 M 1 1 1 

05 1 

CO 1 


ri 1- 11" 1 1 11"- 11 1 1 

QO CO 

CO 
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8-10 years 

d M 11 11 1 11 1 11 11 

o cs 

0\ 

22 

24 

m* 1 ^ M 1 MM 


26 

45 

7 years 
and under 

dll MM 1 11 11 MM 

CO rH 

- 

«-| MM |-^MI«MI 

^ - 

Cl CO 

1 

Mentally exceptional only . 

« ivitli eye defect 

only 

1 , and epileptic only 

M and dumb only . 

Epileptic only 

„ \Mtli eye defect 

only 

„ vith eve defect 

and cnppliRl 
„ and crippled only 

V and dumb only . 

Crippled only . . ‘ . 

„ with eye defect 
only 

Dumb only .... 

Blind or near!}' so 

Chorea . , , , . 

Heart disease 

Total number of exceptional 
chilflreu as above 

Dull pupils with some de- 
fect in development, also 
abnormal nerve - signs, 
and pale, thin, or deli- 
cate ; but not included 
above as exceptional 
children 

Total number of children 
who appear to require 
special training (Group 
1?) 

Number of children seen . 

Group 

79 . . . 

79 E 

79 80 

79 81 

80 . . . 

80 E. 

80 E (i 82) . 

80 (t 82) . 

80 81 

(«|2) . . 

(i82)E . 

81 . . . 

100 . . 

101 . 

103 . 

5 . . . 

27 . . . 

12 . . . 




Table B 3. — Cases as collected by the Charity Organisation Society of London^ and reported on individually, showing * the 
children who appear to require special care and training,^ arranged in primary groups, jyresenting only the class of 
defect indicated by symbols in the margin and explained in the text. The total number of children seen is given in the 
last line. The cases are distributed first in age-groups, secondly u'tider school standards. 
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An Ethnological Survey of Canada. — First Report of the Committee^ 
consisting of Dr. George Dawson (Chairman and Secretary)^ Mr. 
E. W. Bharrook, Professor A. C. Haddon, Mr. E. S. Hartland, 
Dr. J. G. Bourinot, Abbe Cuoq, Mr. B. Sulte, Abb^ Tanguay, 
Mr. C. Hill-Tout, Mr. David Boyle, Rev. Dr. Scalding, Rev. 
Dr. J. Maclean, Dr. Neree Beauciiemin, Rev. Dr. G. Patterson, 
Professor D. P. Penh allow, and Mr. C. N. Bell. 

AI'T'E.VDTX 

I. — lha Growth of Toronto Cluldrni^ hy Dr. Eraxz Boas ..... 443 
11. — The Oriym oj the French Canadiam^ by B. Solte ..... 449 

This Committee was nominated at the Liverpool meeting last year, with 
the object of initiating an ethnological survey of Canada on linos cor- 
responding with those already followed hy the Committee for the Ethno- 
graphical Survey of the United Kingdom, as well as to continue, so far as 
may be possible, work of the kind carried on since the Montreal meeting 
(1884) by the Committee on the Korth-Western Tribes of Canada. It 
comprises three members of the Committee for the Ethnographical Survey 
of the United Kingdom, including the Chairman and Secretary of that 
committee. Eourteen members resident in Canada were also nominated, 
but one of these, Mr. Horatio Hale, has since died. 

In nominating the Canadian members some regard was given to geo- 
graphical position, so that the principal regions of the Doininion would be 
represented. This, while necessary under the circumstances, has to some 
extent prevented an interchange of ideas as complete as might be desired. 
Some correspondence and discussion on the general s(*ope of the work and 
the plans to be followed have, however, taken place. Messrs. E. W. 
Brabrook and E. S. Hartland have contributed valuable information and 
suggestions respecting the work of the similar committee for the United 
Kingdom, and several Canadian members have evinced a strong interest 
in the survey now to be undertaken. 

It has not yet, however, been found practicable actually to initiate 
any systematic observations, to pi-int and distribute the necessary schedules, 
or to provide sets of instruments for physical measui-ements, no funds 
being available for these purposes. It is believed that a number of 
observers may be enlisted in several of the numerous line's of iiujuiry 
which appear to be open to the Committee, embracing botli the immigrant 
European population of Canada and its aborigines. 

Of suggestions received from members of the Committee the following 
general considerations presented by Professor D. P. Penhallow, of McGill 
L riiversity, may be quoted : — 

‘ The very unstable character of our population and the extensive 
mixture of races to be met with in a given community require that we 
.should adopt somewhat different lines of procedure from those employed 
by the Committee for the United Kingdom. Therefore, while we might 
wisely adopt tlu' main lines of investigation employed by the Committee 
for Great Ilritain, as embodied in tlieir report for 1893 (“B.A. Report,’’ 
1893, p. 621), and while these lines of investigation might be applied to 
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both Indians and Europeans, they should be conducted with reference 
to — 

‘ (a) Indian communities. 

‘ (1) Displacement of tribes from their original locations through the 
intervention of Europeans. 

‘ (2) The absorption of tribal remnants into existing tribes. 

‘ (3) The infusion of French or other European blood. 

‘ (d) European communities or families. 

* (1) The precise European locality whence they originated. 

* (2) The American locality of most continuous residence and of first 
isettlement. 

‘ (3) The environment at date of investigation. 

‘ For the treatment of folklore as ethnological data, I do not think we 
can do better than adopt methods suggested by Mr. Gonime in his very 
valuable paper as embodied in the lieport on Etlinographical Survey, 
Great Britain (“ B.A. Beport,” 189G, Section IT, p. 626, &c.). 

‘ The great extent of country to be dealt with and the great length of 
time required to reach anything of the nature of complete results would 
seem to make it desirable that we proceed in the most systematic manner. 
The results might therefore be collated by — 

* (1) Families or tribes. 

‘ (2) Parishes. 

‘ (3) Towns or villages. 

* (4) Provinces and, as far as possible, a given locality should be 
studied exhaustively before another is undertaken.^ 

After some consultation with the members of the Committee who 
could most easily be communicated with, the following letter was ad- 
dressed to the Committee generally : — 

‘ Sir, — You have doubtless received some time ago from Mr. G. 
Griftith, Assistant General Secretary of the British Association for the 
Advancement of Science, a notification of your nomination as a member 
of the committee to organise an ethnological survey of Canada. It is 
hoped that you will be willing to take an active part in this important 
work, and, although it may not be possible to do much more than establish 
some plan of operations before the date of the forthcoming meeting of the 
Association in Toronto in August next, that you will now assist and 
advise in the perfecting of such plan. 

‘ The project is based upon that being carried out by another com- 
mittee of the Association nominated some years ago to “ organise an 
ethnographical survey of the United Kingclom.” This committee has 
already made several valuable and interesting reports, and has enlisted 
various local scientific societies and a number of individuals in the work. 

‘ The chief objects of investigation in the United Kingdom are set out 
as follows : — 

‘ (1) Physical type of the inhabitants. 

‘ (2) Current traditions and beliefs ; 

‘f3) Peculiarities of dialect; 

‘ (4) Monuments and other remains of ancient culture ; and 

^ (h) Historical evidences as to continuity of race. 

* It has been sought to discover, in the first place, the most suitable 
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localities for investigations ; i.e.^ those which are in large measur( 
secluded from the change and mingling of population incident to larg« 
cities, and to select those villages and places where the people hav( 
remained for some generations, at least, comparatively undisturbed anc 
homogeneous in character. In this way it is believed that the ethno 
graphic elements going to make up the population of the United Kingdom 
may be traced, and the changes induced by the mingling of the various 
elements under different local conditions may be advantageously studied. 

‘ As applied to Canada, it is obvious that an inquiry of the kind 
cannot be conducted on exactly the same lines. It resolves itself, in the 
first instance, into two distinct branches : — 

‘ (1) That dealing with the white races, and 

‘ (2) That dealing with the aborigines or Indians. Both are important 
and likely to yield results of great interest ; but, while the second has 
already been recognised and pursued to some considerable extent, the 
first has remained almost untouched. 

* In regard to the first, it is obvious that it includes two specially 
fruitful fields, one relating to the older centres of French colonisation 
in Quebec and Acadia, and the other to the half-breed population of 
Manitoba and the North-West, where French and Scottish immigrants 
have mingled with the native races. 

‘ In Quebec and in the Acadian Provinces the researches of Abb^ 
Tanguay have already placed on record the origin and descent of most of 
the old French families, and the basis thus established is an excellent one 
on whicli to build up a knowledge of any changes, whether physical or in 
language, customs and beliefs, due to the new environment in which the 
original French colonists have lived and increased. With that object it 
is desired to make, in the first place, a list of those localities in which 
development of the kind has been most uninterrupted and continuous, 
and in these to obtain the co-operation of some local observers who may 
be willing to devote time to special inquiries along fixed lines, of which 
the details may bo subsequently elaborated. 

‘ There are also, it is believed, many places in the older provinces of 
Canada in which English, Scottish, Irish, and other settlers have been so 
long established as to give rise to special peculiarities worthy of note. 

‘Respecting the aborigines or Indians of the eastern part of Canada, 
it may be stated that their language is now fairly well understood, 
while their customs, folklore and traditions, where these have not already 
been recorded, have largely passed away. But much remains as a profit- 
able subject of investigation, particularly in respect to the location of 
ancient settlements and places of resort, burial places, routes of travel, 
&c. There are also many events connected with their early intercourse 
with the whites of which traditional accounts might yet be gathered with 
advantage. 

‘In the western part of Canada the investigation of all matters 
relating to the Indian tribes constitutes the most important branch of the 
work proposed ; and although in most places great changes have occurred 
in recent years a vast amount of valuable material yet remains to be 
recorded, connected not only with their language, but also with their 
traditions, art, customs, mode of life, and physical characteristics. The 
time is rapidly passing away in which investigations of the kind may be 
made to advantage, and no effort should therefore he spared to collect 
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everything connected with these people. It may confidently be stated 
that no actually observed fact respecting them is without some definite 
value. 

‘ With slight verbal changes the same main heads of investigation as 
have been already cited appear to be applicable to the native races j but, 
in addition, many other special lines of inquiry might be followed, such 
as the displacement of native tribes by the whites, the coalescence of 
diminished tribal communities in later years, and the absorption of the 
weaker of these by the stronger. Photographic records of all kinds will 
in connection with the native races possess great importance. 

‘ The above suggestions of a general and preliminary kind are offered 
to the members of the Committee with the object of eliciting an expres- 
sion of opinion, apd further and more detailed plans such as may appear 
to be best for the objects in view. As no money grant is at the disposal 
of the Committee, the work must in the meantime, at least, be carried on 
entirely by the efforts of volunteers ; but some means may, it is hoped, 
be found of obtaining a small fund applicable to the purposes of the 
Committee. 

‘ In the meantime it is hoped that every member of the Committee 
will assist with advice in regard to the best organisation, not only for the 
collection, but also in respect to the collation and eventual publication of 
the facts. 

* Yours faithfully, 

(Signed) ‘George M. Dawson.' 

The Committee have been so fortunate as to obtain from Dr. Franz 
Boas and Mr. B. Suite respectively the subjoined valuable contributions 
in the line of its investigations. ‘The Growth of Toronto Children,' 
by Franz Boas ; ‘ Origin of the French Canadians,^ by B. Suite. The first 
constitutes an interesting example of the importance attaching to accurate 
physical measurements. The second explains the nature of the founda- 
tions upon which further study of the French element of the Canadian 
population must rest. 


APPENDIX I. 

The Growth of Toronto Children. By Franz Boas. 

In 1891, when active preparations for the World’s Columbian Expo- 
sition were being made. Professor F. W. Putnam, director of the Peabody 
Museum of American Archieology and Ethnography, and then chief of the 
Department of Anthropology of the Exposition, placed me in charge of 
the Section of Physical Anthropology. At an early time during the 
preparation of the exhibits we agreed upon a plan to represent as fully 
as possible the growth and the development of American children. 
Valuable material was available, .but it seemed desirable to extend the 
investigations over regions in which heretofore no observations had been 
collected. I submitted our plans to Mr. James Hughes, superintendent 
of public schools in Toronto, Ont., and to Professor Earl Barnes, of 
Leland Stanford, Jr., University. Through the interest taken by these 
gentlemen I have been enabled to obtain series of measurements of the 
school children of Toronto and of Oakland, Cal. The former series 
was taken under the supervision of Dr. Alexander F. Chamberlain j the 
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latter, under the direction of Professor Earl Barnes. In both of these 
series the same plan, excepting details, was followed. 

The measurements embrace the following data : Stature without shoes, 
finger-reach, height sitting, weight. A series of special measurements of 
the head were taken, which, however, include only a few hundred indi- 
viduals. The following statistical data were collected : Age, in years and 
months ; place of birth ; nationality of grandparents ; place of birth of 
parents ; occupation of parents ; number and ages of brothers and sisters ; 
order of birth of the child measured ; and the mental ability as judged 
by the teacher. 

In treating this material I have endeavoured to exclude a certain 
series of errors. The number of children of various ages which have been 
measured is not equal. The series begins with comparatively few children. 
The number increases from year to year, until, beginning with the ninth 
year, it decreases again. It follows from this fact that among the six- 
year-old children, for instance, there are more of the age six years and 
eleven months than of six years and no months ; and that, on the other 
hand, among the fifteen- year-old children there are more of the age 
fifteen years and no months than of fifteen years and eleven montlis. In 
treating the various series of observations all children between six and 
seven, seven and eight, <fec., have been grouped together, and usually the 
series is assumed to represent sizes for the average ages ; that is, for 
six and a half, seven and a half, etc. On account of the varying fre- 
quency for the several months, this is not quite correct. Among the 
younger children the average will be a little more than six and a half, 
seven and a half, &c., while among those near the upper limit I judge it 
will be a little less than fourteen and a half, fifteen and a half, &c. By 
tabulating the various frequencies of various months for the children of 
Toronto the following results were obtained : — 


Average A(jo^. 



^ IN M 

VliS M 

VIW M 

\J!f! M 

MN M 

\ IN \f 

YIN. M. 

\1N M. 

VIN. V 

YIN M. 

'i IN. M. 

Bovs 

. , 5 fi 7 

6 6 2 

7 5-6 

H .') 7 

9 r)-7 

10 5 8 

11 5 5 

12 5 8 

1.3 5 7 

14 5 1 

15 4 9 

Girls 

. ! (! C-1 

j 7 6 1 

8 5-7 

9 5-1 

10 5-8 

115 7 

12 5 5 

1.8 5 5 

13 5*3 

15 5 2 

16 4 3 


The error resulting from this series may be very easily corrected by 
adding to the average a correction proportional to the deviation of period. 

While the average may be corrected in this manner without much 
difficulty, the variability of the series for the whole year is affected in a 
much more complex manner. (I call the variability the s({uaro root of 
the mean of the squares of the individual deviations.) We will suppose 
that the variability did not change much in the course of one year, which, 
at certain periods of life is, however, not the case. Since tlie values of 
the average increase from month to month, it is clear that the range of 
variation for the early periods must begin at a lower point than for the 
later periods, so that the variation for the total year covers a wider series 
than the variations at a given moment do. It is possible to make the 
necessary reduction by a consideration of the number of individuals 
nieasured for all the different periods, and of the varying amount of varia- 
tion. The amount of reduction due to this cause is shown in the fol- 
lowing table, which refers to the measurements of American children, the 
series including measurements taken in Boston, Milwaukee, Toronto, 
Worcester (Mass.), St. Louis (Mo.), and Oakland (Cal.). 
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Variahility of American Boys. 


Age . , . 

5-5 6 5 7-5 8 5 9*5 

10-5 

11-5 12-5 13 5 14 5 

15 5 16 5 17-6 

18 5 

Variability 

±4-80 ±4*92 ±5-22 ±5 53 ±5-66 

±5-90 

±6 32 ±6-80 ±7-71 ±8-66 

±8-87 ±7 75 ±7-23 

±671 

Correct Oil 

1 





variability 

±4-40 ±4'62 ±4'93|±5-34 ±5 19 

j±5 75 

±6 19 ±C‘66 ±7*54 ±8-49 

1 1 

± 8-78 ± 7*73 ± 7*22 

1 



I have preferred to calculate in the Toronto series the reduced 
amounts of variabilities in a different manner. I have grouped the obser- 
tions according to quarterly periods, and calculated the variabilities for 
each of these periods. A comparison of the variabilities of these periods 
and of the full year periods are shown in the following tables ; — 


Boys. 


Variability lor 




Ages 






6-6 

6 5 

7-5 8-5 

9-j ^ lU-5 11-5 

12-6 

13-6 14 5 

15-5 


1. The whole >ear 

2. (Quarterly pei loils 

±5*12 
±4 70 

±4 82 
±4-65 

±5-08 ±5*58 
±4 77 ±5 38 

±5 5'M±6 15 ±0 15 
±5-35 I ±6 02 ±G‘08 

±6 80 
±6'61 

±7-79 ±8'55 
±7 63 ±8*22 

±9-00 

±8-91- 





* Si \-nioiithly iionods'. 









rivls. 





. 

Variabilit}' for 




Ages 





- 

5 5 

I 6-5 

75 1 8 5 

9 5 10-5 1 11-5 

12-5 

13-5 1 14 5 

l__ 

15‘5 

16 5 

1. The wliole year . 

2, Quarterly poi lods 

±4-80 

±4-02 

|±4 80 
±4 73 

1 ± 5-30 ' ± 5 53 
l±5*2l ±5.0 

I 1 

1 

±5 32 ±6 20 ±6 52 
±5 iH ±5 89 , ±6 38 

±6-96 
±6 90 

±7 17 l± 6*35 
±6 85 ±613 

1 

!±6’8G 
1±5 73 

± 5-35 
±5 63 


Tn the following tables I give the averages of our series, with the cor- 
rections due to the considerations outlined in the preceding remarks. In 
interpreting these averages it must be understood that the average sizes 
do not represent the typical values of the measurement, because during 
childhood the distribution of the measurements is asymmetrical. Owing 
to the fact that children do not all grow at the same rate, but that some 
are retarded in development, while others are advanced beyond their age, 
the rate of growth differs in such a manner that the general distribution 
of the measurements does not follow the law of probabilities. T will ex- 
plain this by considering the growth of six teen -year-old girls. A great 
many of these girls will have reached the adult stage, and will have ceased 
growing, while ethers are not developed according to their age, and con- 
tinue to grow. If we consider for a moment only those girls who as adults 
will have a certain stature, we recognise that many will have this stature, 
while others will still be shorter ; that is to say, the distribution of their 
statures will be asymmetrical. The same is true of all the other statures, 
and it will be seen for this reason that the whole distribution will be 
asymmetrical. On account of this peculiarity of the distribution of sta- 
tures during the years of growth, the average values of the measurements 
must not be considered as the types of development for the various ages, 
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but as the nearest indices which can be obtained of the typical values. 
The following table shows the statures of Toronto children as compared 
to those of American children : — 


Statures of Boys. 


Ages 

6-5 

6-5 

7-6 

8-5 

9-5 

10-5 

11-5 

12-5 

13-5 

14-6 

16-5 

16-5 

Toronto . 

American 

lOG 2 
105-9 

111-1 

111-6 

116 8 
116-8 

121-8 

122-0 

126-7 

126-9 

131-5 

131-8 

135- 9 

136- 2 

140-1 

140-7 

145- 4 

146- 0 

151- 5 

152- 4 

157-6 

159-7 


Statures of Girls. 

Ages 

5-5 

6-6 

7-5 

8-5 

9-5 

10‘5 

11-6 

12-6 

13-6 

14-5 

15-6 

16-5 

Toronto . . 

American 

105-2 

104-9 

110-4 

110-1 

llG-0 

116-1 

120 7 
121-2 

125*3 

126-1 

130- 9 

131- 3 

136-1 

136-6 

141*9 

142*5 

148 0 
148-7 

153-3 

153-5 

156*0 

166-5 

156-7 

168-0 

Variability of Boys' Statures. 

Ages 

5-5 

6-5 

7-5 

85 

95 

10-5 

11-5 

12-5 

13-5 

14-6 

15 5 

16-5 

Toronto . . 

American 

±5-12 

±4-80 

±4-82 
i: 1-92 

±5-08 

±5-58 
±5 53 

±6-59 
± 5*66 

±6-15 

±5-90 

±6-15 

±6-32 

± 6-80 
±6-80 

±7-79 

±7*71 

±8 55 
±866 

±9-00 

±887 

±7-75 

Variability of Girls' Statures. 

Ages 

55 

6-5 

7-5 

85 

9-5 

10-5 

11-5 

12 5 

13-6 

14-5 

16-6 

16-5 

Toronto . 

American 

± 1-80 
±4-64 

±4-80 

±5-07 

± 5-30 
±5-25 

±5-53 

±5-58 

±5 32 
±5 73 

±6-20 

±6-18 

±6-52 

±6-83 

±6 96 
±7-57 

±7-17 

±7-37 

±6-35 

±6-69 

±5 86 
±5-96 

±5-35 

±5-79 


I have classed the material collected in the Toronto schools according 
to the order of birth of the children, in order to investigate if there is any 
diflference between the first-born children and later-born children. An 
investigation of this subject, based upon material collected in Oakland, 
Cal., showed that a difference of this charficter exists, the first-born 
children, beginning with the sixth year, being taller and heavier than 
later-born children. The following table contains the results of this in- 
vestigation, based on the Toronto material : — 


Differences between Average Statures of Boys and Statures of Children of 
Various Orders of Birth, and their Mean Errors (?nm.). 


Age 

Years 

First- 

born 

Secoud- 

born 

Third- 

born 

Fourth- 

boru 

Fifth- 

bom 

Slxtli- 

born 

Scventli- 

boru 

Eighth- 

born 

Ninth- 

born 

6-6 

6- 5 

7- 5 

8- 5 

9- 5 

10- 5 

11- 5 

12- 5 

13- 5 

14 5 

15 5 

+ 6±7-2 
+ 7±4-7 
+ 3±4-0 
+ 2±4*2 
+4±4-l 
-3±4-7 
-1±5*0 
-2±5-7 
+ 7±6-3 
+ 5±10-2 
-l±14-2 

±0±6-l 
~3±4-4 
+ 2±4-4 
+4 ±4-5 
-7 ±4-6 
+ 5±5-6 
+ 3±5-4 
+ l±6-3 
+ 11 ±7-8 
+ l±10-8 
-l±20-0 

-3±6-6 
-4 ±5-0 
±0±6 0 
-2±4-8 
±0±5-l 
-1±6 6 
-2±6-9 
+ 2±6-5 
-13±9-1 
+ 5±1]-1 
-32 ±20*6 

+ 6±7-8 
+ 2±5-6 
±0±6-5 
±0±5-6 
±0±5*6 
-6 ±6-2 
-8±6-3 
-6±7'9 
— 1±9-3 
+ 2±13-6 
-8±18'4 

-2 ±9-0 
+ 1±6*2 
— 6±G-6 
-10±6-6 
-13±0 3 
-8±71 
-2±6-9 
+ 3±10*1 
+ 2±12-l 
-14±12*7 
+2±21-3 

-16±ll-8 
-4 ±8-3 
+ 2±6-9 
±0±7-2 
— ll±6 9 
+ 6±7-4 
-8±7-6 
-4±8-l 
-14±ll-6 
-12±16-8 

-14±12-7 
-13 ±8-9 
+ l±8-5 
-8±7-2 
-10 ±8-3 
— 5±95 
+ 6 ±10-1 
-11±96 
-31 ±15-9 
-15±20-6 

-13±H-0 
-16±10'2 
— 6±98 
-6 ±9-6 
+ 3±9-6 
-]5±10-H 
-5±ll-8! 
-16+12-2 
+ 18±16-6 
-5±24-l 

~4±ll-6 
-13±12’4 
-19±12-3 
-13±ll-3 
+ 6±14-3 
-15±15-5 
-2±158 
+ 9±22-6 

- 

+ 2-3±l*6 

+ 0-8±l-7 

~ 


- 


- 

- 

- 
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It appears, therefore, that the result is not quite certain, since the 
error is great as compared to the average difference. Since for later-bom 
children the errors of the average are very great, I have not carried out 
the calculation. I have calculated the same differences, and their mean 
errors, for the statures of girls : — 

Differences between the Average Statures of Girls and the Statures of 
First-born Girls, and their Mean Errors. 


Ages Ages 


6-6 

, 


. + 3 ± 

47 

135 

. + 9 ± 67 

7*5 



. + 3 ± 

4-5 

14*5 

. + 4 ± 7*2 

8*5 



. + 14 ± 

4*6 

15*5 

. - 8 ± 8*3 

9-5 

10-5 



. - t - 7 ± 

. + l± 

4*6 

6-1 

16*5 

. + 4 ± 10*3 

11 - 5 

12 - 6 



. + 6 ± 

. 4 - 6 ± 

6*1 

6*1 

Average . 

. - h 5 * 3 ± 1*9 


This result is much more certain than that obtained by means of the 
measurements of boys. When we combine both we find that the difference 
of stature between the average of all the children and the average of the 
first-born children is in favour of the latter. The amount is 3-6 mm., 
with a mean error of 1*2 mm. It is therefore certain that first-born 
children are somewhat taller than later-born children, but the amount of 
the difference is not definitely known. 

It is of interest to investigate the constitution of families. I have 
done so by recording for each year the number of children according to 
the order of their birth. 


Total Number of Children examined according to the Order of Birth. 


Order 

2 


% 



<D 


00 

1 i s 

« 1 2 


s 

CO 



16th 

5 

£ 

19th 

Total 


3,392 

2,880 

2,386 

If)- 9 

1,858 

1,368 

1,021 

790 

511 

360 ' 226 

116 

60 

29 

14 

5 

1 

2 


1 

15,019 

Per 

cent. 

22 (i 

19*2 

12 4, 

9*1 

6*8 

5-3 

3'i 

2 4; 1*5 

0-8 

0*4 

02 

,0 1 







Mean 

error 

±03 

±0 3 

±0-3 

±03 


±02 

i 1 

±0-2 

i 

±0*1 

±0*1 j ±0 1 

±01 











From these data we can obtain an insight into the constitution of 
families in Toronto. The difference between the number of first- and 
second-born children shows the numbers of mothers having one child 
only ; the difference between the second- and third-born children gives 
the number of mothers who have two children, &c. In this manner the 
following table has been obtained : — 

Number of Number of 

Children Children 


1 . 



. 16*1 ± 0*6 

9 . 



. 3 9 ± 0*3 

2 . 



. 14*6 ± 0*6 

10 . 



. 3*2 ± 0*3 

3 . 



. 16*5 ± 0*6 

11 . 



. 1*7 ± 0*2 

4 . 



. 14*5 ± 0*6 

12 . 



. 0*9 ± 0*2 

6 . 



. 10*2 ± 0*5 

13 . 



. 0*4 ± 0*1 

6 . 



. 6*8 ± 0*5 

14 . 



. 0*3 

7 . 



. 8*2 ± 0*5 

15 . 



. 0*1 

8 . 



. 4*5 ± 0*4 

16 . 



. 0*1 


It is of interest to compare the number of children according to the 
order of their birth in various cities, I have tabulated for this purpose 
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the number of children in Oakland, Cal., according to the order of their 
birth, and found th3 following result : — 


— 

Toronto 

Oakland, Cal. 

Number of first-born children ... 

per cent. 

22 6 

per cent. 
264 

„ second-born children . . • . 

19-2 

22-3 

„ third-born „ 

15-9 

170 

„ fourth-born „ 

12-4 

12 3 

„ fifth-born and later 

30 0 

220 


It appears from this table that families in Toronto are much larger 
than those in Oakland, Cal. There are 264 per cent, of first-born children 
in Oakland as compared to 22*6 per cent, of first-born children in Toronto, 
while fifth- and later-born children form only 22 per cent, of the total 
population in Oakland, and in Toronto they form 30 per cent. This 
indicates that the size of the families is considerably smaller in Oakland 
as compared to those in Toronto. It is difficult to judge what the social 
causes of this phenomenon may be. The general conditions of life and 
the nationalities composing the population certainly have a great influence 
upon the size of the families. In order to investigate this question I 
have tabulated the Toronto girls according to their order of birth and the 
nationo.lities to which they belong. The results of this tabulation are 
given in the following table : — 


Naiionalitiei^ of Grandparenlf^ of Toronto 


Order of Birth 

Eng- 

lish 

Scotch 

Irish 

Cana- 

dian 

Ameri- 

can 

Ger- 

man 

F rencli 

M'8''el- 
1 neons 

Cases 

1st 

30 0 

16-5 

230 

124 

3-5 

2*0 

0-4 

23 

6,753 

2nd 

41-0 

154 

23-8 

114 

3-3 

24 

0 6 

24 

5,878 

3rd 

40'8 

16-7 

23'5 

l()-5 

30 

2-8 

0 0 

25 

4,883 

4th and 5th 

444 

1 17 1 

23-6 i 

7 3 

2-7 

2-0 I 

04 

24 

6,728 1 

6th and later 

47-3 

164 

23 0 

1 

' 30 ! 

24 

0 3 

27 

0,388 

Total . 

42-5 

16-4 

23 6 

0 3 

31 1 

23 

1 \ 

25 

30,630 


That is to say, the percentage of Scotch, Irish, American, German, 
French, and miscellaneous grandparents remains the same for all the 
children, no matter what the order of their birth may be. There is, 
however, a fundamental difference in tlie distribution of English and 
Canadian children. Among the first-born children 39 per cent, of the 
grandparents are of English birth. Among the later- born children 47 
per cent, are of English birth. This indicates that in families whose 
grandparents are of English birth we find a greater number of children 
than among the other nationalities. The reverse is the case among the 
Canadians. There is a decided decrease in the number of grandparents 
of Canadian birth among the later-born children. This indicates that 
the families of Canadian descent are small. It is very peculiar that 
these differences are found only among the English and Canadians, and 
that there are no differences in distribution among all the other nation- 
alities. 
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This table is of importance also as showing that the difference in 
stature of first-born children and of later born children cannot be ascribed 
to the influence of differences in nationalities. The change of proportion 
of English and Canadian blood in the grand total is so slight that we 
cannot possibly assume that it will materially modify the average stature 
of the people We may therefore safely say that the difference in 
stature of first-born and later-born children is not influenced by compli- 
cations resulting from the influence of nationalities. 


APPENDIX II. 

Origin of the French Canadians. By B . SuLTE. 

We intend to explain the formation of a certain number of French 
people into settlers on the St. Lawrence during the seventeenth century, 
and from which has sprung the present French Canadian population. 

(1) Acadia was peopled without any kind of organisation between' 
1636 and 1670, or thereabouts. No one has yet satisfactorily demon- 
strated where the French of that colony came from, though their dialect 
would indicate their place of origin to be in the neighbourhood of the 
mouth of the river Loire. They are distinct from the French Canadians 
in some particulars, and not allied by marriages with the settlers of the 
8t. Lawrence. 

Brittany never traded with Canada, except that, from 1535 to 1600, 
some of tlie St. Malo navigators used to visit the Lower St. Lawrence and 
barter with the Indians, but there were no European settlers in the whole 
of that pretended New France. Afterwards the regime of the fur com- 
panies, which extended from 1608 to 1632, was rather adverse to colonisa- 
tion, and we know by Champlain\s writings that no resident, no ‘habitant,* 
tilled the soil during that quarter of a century. The men who were 
employed at Quebec and elsewhere by the companies all belonged to Nor- 
mandy, and, after 1632, twelve or fifteen of them married the daughters 
of the other Normans recently arrived to settle for good. Brittany 
remained in the background after, as well as before, 1632. This is con- 
firmed by an examination of the parish registers, where seven or eight 
Bretons only can be found during the seventeenth century. 

(2) The trade of Canada remained in the hands of the Dieppe and 
Rouen merchants from 1633 to 1663. It consisted solely in fish and fur, 
especially the latter. Therefore any man of these localities who wished 
to go to Canada to settle there was admitted on the strength of the charter 
of the Hundred Partners, who were bound to send in people brought up 
to farming in order to cultivate the soil of the colony, but who did 
nothing of the kind, except transporting the self-sacrificing emigrants. 
There is even indication that the transport was not free. The other sea- 
ports of France having no connection with Canada before 1662, five or 
jsix families only came from these ports. 

(3) When the business of the Hundred Partners collapsed about 1660, 
Paris and Rochelle came in for a certain share of interest, as they were 
the creditors of the expiring company, and soon we notice immigrants 
arriving from the neighbouring country places of those two cities. 

The settlers (1633-1663) came, as a rule, individually, or in little 
1897. G a 
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groups of three or four families related to each other, as many immigrants 
from various countries do at the present day. 

From an examination of family and other archives, extending now 
over thirty years of labour, we make the following deductions : — 

Perche, Normandy, Beauce, Picardy, and Anjou (they are here in 
their order of merit) contributed about two hundred families from 1633 to 
1663, the period of the Hundred Partners’ regime. By natural growth 
these reached the figure of 2,200 souls in 1663. 

In 1662-63 there came about one hundred men from Perche and 150 
from Poitou, Rochelle, and Gascony, with a small number of women. 
This opens a new phase in the history of our immigration by introducing 
Poitou and Rochelle amongst the people of the northern and w(jstern 
Province of France, already counting two generations in the three dis- 
tricts of Quebec, Tliree Rivers, and Montreal. 

(4) After 1665 the city of Paris, or rather the small territory en- 
circling it, contributed a good share. The whole of the south and east of 
France had no connection with Canada at any time. Normandy, Perche, 
Maine, Anjou, Touraine, Poitou, Saintonge, Angoumois, Guienne, and 
Gascony — on a straight line from north to south — furnished the whole of 
the families now composing the French Canadian people. 

(5) From 1667 till 1672 a committee was active in Paris, Rouen, 
Rochelle, and Quebec to recruit men, women, and young girls for Canada. 
This committee succeeded in effecting the immigration into Canada of 
about four thousand souls. Half of the girls were from country places in 
Normandy, and the other half were well-educated persons, who did not 
go into the rural districts, but married in Quebec, Three Rivers, and 
Montreal. 

Since these people were brought to Canada by the organised efforts of 
a committee, we might expect to find some detailed record of their arrival 
and origin, but as yet no such information is known to exist. We are 
merely told by contemporary writers of that period how many arrived at 
such and such a date, and the port of embarkation — that is all. Happily, 
the church registers, notarial deeds, papers of the courts of justice, and 
several classes of public documents show abundantly the places of origin 
of those who actually established their families here. 

(6) In 1673 the King stopped all immigration, and this was the end 
of French attempts to colonise Canada. The settlers, of course, remained 
as they were, and in 1680 the whole population amounted only to 9,700 
souls. Double this figure every thirty years, and we have the present 
French population of the Province of Quebec, Ontario, and that of the 
groups established now in the United States. 

(7) The bulk of the men who came during 1633-1673 were from rural 
districts, and took land immediately on their arrival here. It is notice- 
able that a large number of them had besides a trade of their own, such 
as that of carpenter, cooper, blacksmith, so that a small community of 
twenty families possessed among themselves all the requirements of that 
kind that could be useful. 

No land was given to those who did not show qualification for agri- 
cultural pursuits, and they were placed for three years in the hands of an 
old farmer before the title of any property was signed in their favour. 

(8) In regard to troops disbanded in Canada at various dates much 
misunderstanding exists. The real facts are as follows : — Before 1665 no 
soldiers, therefore no disbandment; from 1665 to 1673 a few isolated 
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cases ; the regiment of Carignan came to Canada in 1665 and left in 1669, 
with the exception of one company, which eventually was disbanded here ; 
from 1673 to 1753 the garrisons of Canada consisted, as a rule, of about 
three hundred men in all, under an infantry captain, sometimes called 
the Major when no longer young. 

Besides that ‘ detachment,’ as it was called, an addition of six or seven 
companies was sent in the colony during the years 1684-1713, on account 
of the war. From 1753 to 1760 the regiments sent under Dieskau and 
Montcalm (seven-year war) do not seem to have left any number of men 
in the country. Therefore the ‘ military element ’ had very little to do 
in the formation of our French population. 

(9) The date of the arrival of most of the heads of families will never 
be ascertained accurately. In order to face that difficulty with chances 
of success I liave resorted to the following plan : —Prepare an alphabetical 
list of all the heads of families, and afterwards, when consulting the old 
archives and various sources of information, be careful in comparing your 
list with any date or other indication you may find. In this manner it 
turns out that a man was married in 1664 in Quebec, was a witn(‘.ss before 
the court in 1658, made a deed in 1672, in which he states that ‘before 
leaving Alcrn^^on in 1652 to come to Canada.’ . . . The date of ‘ 1652 ’ 
and ‘ Alem^on ’ are the very things I want ; therefore I erase ‘ 1664 ’ and 
‘ 1658,’ previously entered, and keep the oldest date, with the name of 
the locality. This process is slow but not the surest, but still it is the best 
yet found to reach a fair approximate estimate. Finally, I hope to publish 
that tabular statement in a couple of years from now. 

(10) On the subject of uniformity of language, which is so remarkable 
amongst the French Canadians, we may observe that it is the best 
language spoken from Rochelle to Paris and Tours, and thence to 
Rouen. Writers of the seventeenth century have expressed the opinion 
that French Canadians could understand a dramatic play as well as the 
('Hie of Paris ; no wonder to us, since we know that theatricals were 
common occurrences in Canada, and that the ‘ Cid ’ of Corneille was 
played in Quebec in 1645, the ‘ Tartuffe ’ of Moliere in 16^7, and so on. 
The taste for music and love for songs are characteristics of the French 
Canadian race. The facility with which they learn foreign languages is 
well known in America, where they speak Indian, Spanish, and Englisli 
as well as their own tongue. 


Anfliropouietrlo Measurements in Schools. — Txeport of the Committee, 
cimsisthm of Professor A. Macalister (Chairman), Professor B. 
WiNDLE (Secvetarif), Mr. E. W. Brarrook, Professor J. Cleland, 
and Dr. 3 . G. Garson. 

The work done by this Committee during the past year has consisted 
solely in the distribution to applicants of the Rules for Measurement 
drawn up by the Committee, and in advising those responsible for physical 
measurements in schools as to points respecting which they had written 
for advice. A further supply of printed directions has been procured, the 
first set having become exhausted. 

The Committee ask for their reappointment and for a further grant 
for printing and postage of 5?., the grant for that sum received several 
years ago having been exhausted. 

o G 2 



452 


REPORT — 1897. 


Ethnographical Survey of the United Kingdom. — Fifth Meport of the 
Committee, consisting of Mr. E. W. Brabkook {Chairman), Mr. E. 
Sidney Hartland {Seoi^etarii), Mr. Francis Galton, Dr. J. G. 
Garson, Professor A. C. Haddon, Dr. Joseph Anderson, Mr. J. 
Romilly Allen, Dr. J. Beddoe, Professor D. J. Cunningham, 
Professor W. Boyd Dawkins, Mr. Arthur J. Evans, Mr. F. G. 
Hilton Price, Sir H. Howorth, Professor R. Meldola, General 
Pitt-Rivers, and Mr. E. G. Ravenstein. {Brawn up hy the 
Chairman.) 


Ari’KKDIX rXGK 

I. Further Report on Folklore in Galloway, Scotland. By the late Rev. 

Walter Geegor, LL.D 45B 

II. Report on the Ethnography of Wigtonshire and Kirkinidhrightshire . . 500 

HI. Report of the Cambridge Committee for the Ethnographical Surrey of East 

Anglia 503 

IV. Observations on Physical Characteristics of Children and Adults taken at 

Aberdeen, in Banff shire, and in the Island of Lenns .... 50(1 

V. Anthropometric Notes on the Inhabitants of Cleckheaton, Yorkshire . . 507 

\'l. Report of the Committee on the Ethnographical Survey (if Ireland . .510 


1. Tins Committee was first appointed at the Edinburgh Meeting in 1892, 
upon the joint recommendation of the Society of Antiquaries, the Anthro- 
pological Institute, and the Folklore Society, for the purpose of organ- 
ising local anthropological research, with the ultimate aim of establishing 
an ethnographical survey of the United Kingdom. In the paper in which 
the views of the three Societies were laid before the Association, it was 
acknowledged that so large and ambitious a scheme must take many years 
to perfect, and could only be proceeded with in detail. It was indeed 
hinted that in other countries no power short of that of the State would 
attempt to carry it out, and that in time it might be right to ask for 
State aid to do so in this country.* 

2. It will be convenient, on the present occasion, to recapitulate the 
steps which the Committee has taken towards the fulfilment of the duty 
entrusted to it. The first was to invite the co-operation of delegates of 
the Royal Statistical Society, the Cambrian Archseological Association, 
the Royal Irish Academy, and the Dialect Society, in addition to those of 
the Societies already represented on the Committee. This invitation was 
readily acceded to, and the Committee has derived much help from the 
learned gentlemen nominated by the several bodies in question. Sub- 
Committees for Wales and for Ireland were formed. 

3. The Committee next proceeded to consider and define the plan of 
its operations, which was to observe and record for certain typical villages, 
parishes, or places, and their vicinity — {a) the physical types of the 
inhabitants, {h) their current traditions and beliefs, (c) peculiarities of 
dialect, (d) monuments and other remains of ancient culture, (e) historical 
evidence as to continuity of race. 

4. Such simultaneous observation and record appeared to the Com- 
mittee to be the best means by which the object desired —that of studying 
the whole man and ascertaining what man is in any district — is to be 
obtained. It is necessary, not only to measure his skull and record his 
physical characters, but also to look up the history of his descent, find out 

* Journal of the Anthropological Institute, xxii. 262. 
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from the remains of their workmanship what sort of people his forbears were, 
and ascertain what superstitions and beliefs they have transmitted to him.* 

5. In the business of forming a list of places in the United Kingdom 
which appear specially to deserve ethnographic study, the Committee 
sought the assistance of a great number of persons possessed of local 
knowledge, and the substance of the correspondence is digested in the first 
and second reports of the Committee. They contain a large amount of 
interesting local information, and specify the names of more than 300 
places as suitable for the survey. 

6. It became the duty of the Committee, as a next step, to condense 
into a small and convenient pamphlet the instructions necessary to enable 
observers to conduct the survey on a definite and uniform plan. The 
volume of ‘Notes and Queries on Anthropology,’ prepared by another 
Committee of the British Association ; the ‘ Handbook of Folklore, 
published by the Folklore Society ; the directions for the Archaeological 
Survey, formulated by the Society of Antiquaries ; and other publications, 
afforded ample material for this, but they were too voluminous for 
general use. The Committee has succeeded in reducing the necessary 
hints and instructions into a pamphlet of twelve pages, which has been 
found by experience sufllciently to indicate what is required. 

7. Individual members of the Committee have rendered it excellent 
service by contributions to the study of the branches of the subject, which 
have been printed in appendices to its reports, viz. Mr. E. Sidney Hart- 
land, the secretary, in his notes explanatory of the schedules, appended to 
the third report ; and Mr. Laurence Gomme, in his paper on determining 
the value of folklore as ethnological data, appended to the fourth report. 

8. The foundation having thus been laid, the Committee proceeded to 
take observations in detail, some of which have been published in the 
Reports, others in the transactions of local and other Societies, and others 
are reserved for examination and digest when further information has 
been obtained. 

9. The following is a brief summary of the returns actually received 
from various parts of the United Kingdom up to the date of the Com- 
mittee’s last Report : — 

England, — Suffolk (Miss Layard and others) ; Hertfordshire (Professor 
Haddon) ; Cambridgeshire (Professor Haddon) ; Lancashire (Rev. F. 
Moss) ; Yorkshire (Dr. E. Colley and others). 

JFalefi . — Pembrokeshire (Mr. H. Owen and Mr. E. Laws). 

Scotland. — Galloway (Dr. Gregor) ; Aberdeen (Mr. Gray). 

Ireland. — The Aran Islands (Professor Haddon and Dr. Browne) ; 
Dublin (Dr. Browne) ; Inishbofin and Inishshark, co. Galway (Dr. 
Browne) ; Mayo (Dr. Browne), 

10. A preliminary report on folklore in Scotland, by the Rev. Dr. 
Walter Gregor, formed Appendix III. to the Committee’s fourth Report. 
Dr. Gregor had undertaken, at the request of the Committee, to make a 
special visit to certain districts of Scotland for the purpose of the survey. 
The remainder of his collections of folklore (items 168 to 734) are 
appended to this Report, and also an abstract of his measurements of 
the inhabitants. 

11. In arranging the folklore for the Appendix to the present Report, 
aU headings that could be dispensed with have been omitted, an,d where 

* ArchcBological Journal^ liii. 227. 
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consecutive items were collected at the same place the name of the place is 
only mentioned in the first instance instead of before every item, as in the 
previous Appendix, with the view of economising space as much as possible. 

12. The Committee much regrets to record that Dr. Gregor, who was 
an accomplished observer, died on February 4th last, while actually engaged 
in his work on its behalf. The special qualifications wliich he possessed 
for that woik, and the manner in which he set about and performed it, 
have impressed tlie Committee with a deep sense of the loss it has 
sustained. The Committee has endeavoured to express this in a communi- 
cation which has been addressed to Dr. Gregor’s family. 

13. The collections contained in the Appendix to the present Deport, 
added to those published in that to the fourth Report, will supply an 
excellent model for observers as to the manner of making and recording 
collections of folklore, and they are accordingly printed in extenso. It is 
not intended in future to print all such collections in the same manner, but 
to reserve them for digest and comparison as the work progresses towards 
completeness, and probably for publication either in local sources of infor- 
mation or in such combined form as may hereafter be found to be desirable, 
and be adopted with the approval of the Council of the Association. 

14. The Committee has endeavoured to fill the place left vacant by the 
death of Dr. Gregor by the appointment of the Rev. H. B. M. Reid to 
carry on the work initiated by him, and it has also appointed the Rev. 
Elias Owen in Wales and Dr. Colley March in Dorsetshire as special 
observers in the same manner, these gentlemen having very kindly 
consented to devote their time to this work without remuneration, being 
guaranteed only the expenses they incur. 

15. The Committee has also to acknowledge communications from Mr. 
F. W. Hack wood of observations taken in Wednesbury ; from Dr. Andrew 
Dunlop, Dr. O. C. Powell, Mr. E. K. Cable, C.E., Mr. Nicolle, Mr. A. 
Collenette, and Mr. J. Le Bas, of observations relating to the Channel 
Islands ; and from Mr. M. S. Hagen of observations in Ropley, Hampshire. 

16. The Committee has also to thank the Hampshire Field Club for 
reprinting and circulating among the members of that club an extract from 
the pamphlet of questions issued by this Committee, and for passing a resolu- 
tion to promote as far as possible in that county the work of this Committee. 

17. Numerous other local societies have also shown a desire to 
co-operate with the Committee, which gladly and gratefully accepts 
their assistance. 

18. It may be convenient, for the guidance of such workers as kindly 
volunteer their services in this manner, to mention some of the limitalions 
of the work of the Committee. 

19. With regard to the physical observ^ations and measurements, and 
to photographs, it is not desired to obtain other than those whidi are 
typical of the district, and answer the rough test of having been free 
from intermixture with the inhabitants of other districts for at least 
three generations. 

20. With regard to current traditions and beliefs or folklore, it is not 
considered necessary for this Committee to undertake the work on which 
the Folklore Society has embarked, of collecting and digesting for each 
county the folklore which is scattered over the numerous published works 
relating to the district. It will be sufficient if original observations are 
made and recorded upon the plan adopted by Dr. Gregor. 

21. With regard to dialect, the Committee cannot better define its 
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limitations tliaii by reference to the brief code of directions drawn up for 
the Committee by Professor Skeat and contained in the Committee's 
pamphlet. 

22. With regard to monuments and other remains of ancient culture, 
the work of the Committee has been in some places anticipated, and in 
others is being carried on concurrently by the Archaiological Survey set on 
foot by the Society of Antiquaries, and by that undertaken by the 
Cambrian Archaeological Society. Where such survey has not been com- 
menced, the Committee suggests that the method adopted by the Society 
of Antiquaries should be followed. 

23. With regard to the historical evidences of continuity of race, 
where they exist in any publication, it will only be necessary to give 
a reference to that publication ; but there will be great value in a full 
record of any that exist only in unpublished sources of information. 

24. The duty which is entrusted to this Committee, and which is 
undertaken by those local bodies that have kindly interested themselves 
in its work, is necessarily so laborious, that the Committee is anxious that 
such local bodies should not burden themselves with any labour that can 
be avoided in the discharge of it. 

25. The Committee would bo glad if this intimation should have the 
effect of inducing other local bodies, that may possibly have been deterred 
from offering help by a feeling that the requirements of the Committee 
involve greater labour than sucli bodies are prepared to devote to the 
matter, to reconsider the position and undertake the essential portion of 
the work in the respective localities. 

26. The Committee is prepared to provide any such local body and 
competent individual observers in any district with the necessary instru- 
ments for the physical measurements by way of loan, and with a proper 
equipment of forms of return, &c. 

27. The whole of the grant appropriated to the Committee at the 
Liverpool meeting has not been expended, and the Committee asks to be 
reappointed and permitted to use the unexpended portion, with a further 
grant, so as to have placed at its disposal the sum of 50?. in all during the 
coming year. 

28. A small amount of the sum allotted to Dr. Crogor for his 
expenses having been returned to the Committee unexpended has been 
surrendered to the Association. 

29. The Committee has been glad to observe the commencement in 
Switzerland of an ethnographic survey under the management of the Swiss 
Folklore Society, upon lines '^^ery similar to those of this Committee. 

30. In addition to the appendices already referred to, the following 
reports and tables are appended : — 

A report by the Cambridge Committee, including statistics on the 
Physical Characters of the inhabitants of Barley, Hertfordshire, and the 
villages of Barrington and Foxton, Cambridgesliire ; Tables of Physical 
Observations taken at Aberdeen, in Banffshire, and in the Island of 
Lewis ; Tables of Physical Observations taken at Cleckheaton, York- 
shire ; and a report by the Irish Committee relating to the valuable 
observations taken by Dr. C. R. Browne on Clare Island and Inishturk, 
co. Mayo. For all of these the Committee takes this opportunity of 
rendering its best thanks to the various gentlemen whose names appear 
in the appendices in question, and who have devoted much time and 
care to the collection and preparation of the statistics. 
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APPENDIX I. 

Further Report on Folklore in Scotland. 

By the late Rev. Walter Gregor, LL.D. 

The Months. 

168. Kirhnaiden. — If Feberweer be fair an clear, 

There’ll be twa winters in the year. 

169. Laitrieston, — If Feberuary blow fresh and fair. 

The meal will be dear for a year and mair. 

170. Bahnaghie. — It is a custom to gather May dew (1st May) and 
wash the face with it. 

171. Kirhnaiden. — Witches gathered May dew that they might work 
their incantations with it. 

172. Witches were believed to make butter from May dew. 

173. An old man named David Bell used to tell that going home early 
one May-day morning he saw three sisters, that had the reputation of 
being witches, drawing pieces of flannel along the grass to collect the dew. 
When the flannel was soaked, the moisture was wrung out. This took 
place about seventy years ago at a place called Thornybog. 

174. Dairy. — Kittens brought forth in May are looked on as unlucky. 
They are commonly put to death. 

174a. Kelton. — Miss of Dunmure House was found one May 

morning gathering the dew in a small tin jug. She intended to wash her 
face with it ‘ to make her bonnie.’ (Told in Rerrick.) 

Days of the Week. 

175. Kirkmaiden. — It is unlucky to cut ‘ hair or horn ’ on Sunday. 

176. Borgue. — If a child showed itself disobedient on Sunday, it wais 
told it would be taken to ‘ The Man o’ Moon.’ 

177. Dairy. — Any piece of work, as harvest, must not be begun on 
Saturday. Any work begun on that day will not be finished within the 
year. 

The Few Year. 

178. Kirkmaiden. — It was a custom to cream the well at 12 o’clock 
at night on Hogmanay. 

179. Dairy. — Some would not allow fire to be given out at any time. 

180. Kirkmaiden, Laurieston, — A peat on fire would on no account 
be given out on the morning of New Year’s Day. 

181. Ayrshire. — It is accounted unlucky to give a live coal out of the 
house on the morning of New Year’s Day to kindle a neighbour’s fire. 
My informant’s aunt did this one New Year’s morning, and before the 
year was finished she lost a son. A second time she gave a live coal, and 
during the course of that year a daughter died. 

182. Kells. — On Hogmanay great care was taken to keep the fire alive 
over night, as a neighbour would not give a live peat on New Year’s 
morning to rekindle it. 

182«. Kirkmaiden. — On Hogmanay the fire was ‘happit’ with more 
than ordinary care to keep it from ‘ going out,’ as such a thing would be 
most unlucky, and also because no neighbour would give a live peat to 
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kindle it. On the same evening everything was made ready for the fire of 
the morning of the New Year. 

183. Kirkmaiden. — Particular care was used to have everything pre- • 
pared for the fire of the morning of the New Year. 

184. No ashes were cast out on the morning of New Year’s Day. 

185. My informant’s mother would not allow any water of whatever 
kind to be taken out of the house on New Year’s Day. Others followed 
the custom. 

186. Laurieston, — Nothing was put out of the house on the morning 
of New Year’s Day. 

187. Kirkmaiden. — My informant’s husband, a farmer, would on no 
account give anything away on New Year’s Day. 

188. Bahnaghie. — Nothing would be given in loan by some on New 
Year’s Day. 

189. Portlogan. — Some would not sell even a halfpenny-worth of milk 
on New Year’s Day. 

190. Kirkmaiden. — Something is brought into the house on the morn- 
ing of New Year’s Day before anything is taken out. 

191. It was the custom till within twenty or twenty -five years ago for 
some member of the household to lay a sheaf or a small quantity of un- 
threshed grain on the bed of the father and mother on the morning of 
New Year’s Day. 

192. Fortlogan. — It was the custom to throw a sheaf of grain on the 
farmer’s bed on the morning of New Year’s Day. 

193. Kirkmaiden. — Some member of the family took a sheaf of grain 
and put a ‘ pickle ’ of it on each bed any time after 1 2 o’clock on the 
morning of New Year’s Day. 

194. My informant’s father had the custom of throwing a ‘pickle 
corn,’ i.e., a small quantity of unthreshed grain, on each bed on the morn- 
ing of the New Year. 

195. My informant’s father was in the habit of bringing whisky with 
bread and cheese into each sleeping apartment and of giving each one a 
‘ dram,’ i.e.^ a little of the whisky, along with some of the bread and 
cheese. He then went and gave a small quantity of unthreshed grain to 
each of the horses and cattle on the farm. After doing this he came back 
to the dwelling- house with a sheaf of unthreshed grain, and laid a ‘ pickle ’ 
of it over each bed. 

196. Fortlogan. — My informant was in the habit of giving a small 
quantity of unthreshed grain to each of the horses and cattle of the farm 
on the morning of New Year’s Day, and wishing each a happy New Year, 
and saying to each as the fodder was given : ‘That's your hansel.’ 

1 97. Kirkmaiden. — For the entertainment of the ‘ first fit ’ on the 
morning of New Year’s Day and of other friends that may call during 
the day, is prepared ‘chittert,’ i.e., pressed, and cooled so as to be fit to l>e 
cut in slices. This, along with bread and cheese, is placed on a table all 
ready for use. 

1 98. Fish in some form or other used to be served up as part of the 
breakfast on the morning of New Year’s Day. 

199. On the morning of New Year’s Day the boys used to go in com- 
panies to catch wrens. When one w’as caught its legs and neck were 
decked with ribbons. It was then set at liberty. This ceremony was 
called ‘ the deckan o’ the wran.’ My informant has assisted at the 
ceremony. 
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First Foot, 

200. Kirkmaiden. — The fishermen of Drumore do not like a woman to 
enter their houses as ‘first fit^ oil the morning of New Year’s Day. 

201. It is accounted unlucky to meet a barefooted woman as ‘ first 
fit ’ when one is going to fish. 

202. My informant saw a fisherman of Portlogan meet his wife one 
morning as he was setting out for the fishing. He returned to the house 
and then set out again for his work. 

203. Kells. — A man that lived in the parish of Kells used to say that, 
if in going to fish he met a certain woman that lived in Dairy, he might 
as well turn, for he would liave no luck that day. My informant knew 
the man. 

204. Kirkmaiden. — It is accounted unlucky to meet a woman as ‘first 
fit ’ when one is going to shoot. It is especially unlucky if she is bare- 
footed. 

205. Balmaghie. — It is unlucky to meet a woman with fiat feet as 
*■ first fit.’ 

206. Port Patrick. — It is unlucky to meet as ‘ first fit ’one with a 
squint-eye. It increases the unluck if there is red hair. 

207. Laurieston. — A W , an old woman that lived in Lauries- 

ton was reputed a witch. No one liked to meet her as ‘ first fit.’ 

208. Dairy. —A man that lived at the Ford House, Dairy, had the 
i*eputo of having an ‘ ill fit.’ One day he entered a house in Glenlee as a 
woman was churning cream. When he left the house she cast some salt 
into the fire. 


‘ Candesmas Bleeze.' 

209. Laurieston . — The scholars assembled in the schoolroom. The 
roll was called, and as each one’s name was called out, he or she went 
forward to the teacher’s desk and laid down a piece of money. There was 
a contest between a boy and a girl who was to be king or queen, and the 
teacher knew beforehand who were to contend for the honour. Their 
names were called out last. They went to the teacher’s desk as the others 
did and laid down a shilling (about). The one that laid down for the 
longest time was king or queen as the case might be. Whisky toddy, 
w'eak and sweet, was then given to each scholar. Sometimes oranges and 
other good things were added. Then followed a dance. My informant, 
when a scholar, used to supply the music from a fiddle, and for years after 
he left school. Parents, scholans, and friends were at times entertained at 
a dance in the evening. Next day was generally given as a holiday to 
the scholars. When the custom fell out of use a present was made to the 
teacher about Christmas. The custom of making a present at Christmas 
continues. 

[The Rev. H. M. B. Reid notes upon this : — ‘ The arrangeimmts were 
made a few days before February 2 (Candlemas). If February 2 fell on a 
Sunday, the next day after was kept. In Glenlochar School (Balmaghie) 
the king and queen were not known beforehand (schoolmaster’s widow, 
aged 79).’] 

210. Balmaclellan . — As each scholar came into the schoolroom he or she 
went to the teacher’s desk, and laid down his or her gift. The scholar’s 
name and the amount of the gift were recorded. When all had brought 
their gifts, the teacher called out the name of the girl that had given th0 
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largest sum among the girls. She was styled queen. He also called out 
the name of the boy that had given the highest sum among the boys. 
He became king. Whi.sky toddy was then prepared. The teacher then 
gave a glass of it to the king and queen — each . The king then poured 
into glasses from a jug the toddy and handed them to the other scholars, 
whilst the queen kept the jug filled from the bowl in which it had been 
made. There might be one hundred and twenty scholars at Balraaclollan 
school, and the quantity of whisky used was a bottle, so that the toddy 
was weak. It was made very sweet. (Told by one who was a scholar at 
this school, and who has been treated to the toddy.) 

211. After the drinking of the toddy the scholars engaged in various 
kinds of games. In later times a ‘ bake ’ or biscuit was given, in addition 
to the toddy, to each scholar. (Told by one who was a scholar and had 
taken part in the feast.) 

212. A ‘bake ’was given to each scholar in addition to the toddy. 
Sometimes the scholars engaged in dancing. (Told by one who has been 
an actor.) 

212). Corsoch . — My informant attended a small school at Merkland, 
Corsock. The same custom was observed at it. Each scholar, as he or 
she entered the schoolroom, laid down his or her gift. When all had 
presented their gifts, a glass of weak toddy was served to each scholar. 
Toasts were at times given by some of them. My informant gave the 
following : — 

‘ Here’s health, wealth, wit t’ guide it, 

Ower my throat I mean t’ guide it.’ 

214. Kirkmaideii.—\t was a custom not long ago to bring something 
into the houses on the morning of Candlemas Hay before taking anything 
out. 

Hallowd (m. 

215. Dal nuifjJiie. The following mumming-play is performed by the 
school children at Hallowe’en ; — 

There are seven actors, three of whom carry sticks or swords. 

(1) Bauldie, wearing a ‘ fause face’ (a mask), commonly black, dressed 
in a big coat, and carrying a stick as a sword ; ordinary cap on head. 

(2) The Captain, dressed in the same way. 

(3) The General, dressed in the, same way, 

(4) The Doctor, wearing a mask, black with red spots on chin, cheeks, 
and brow, with a big ‘ tile ’ hat on liead, a stick in one hand, and a bottle 
of water in the other. 

(5) Peggy — face painted white — wearing an old dress down to her 
heels, an old mutch, with an old umbrella in hand. 

(6) Policeman — face painted black, with no red spots, wearing a big 
black coat, a big brown paper bag on his head, with a stick in his hand. 

(7) Weean — face painted white, wearing a small frock, and ordinary 
hat with ribbons. 

All except the Doctor enter the kitchen. They are asked ‘ What do 
you want ? ’ They answer by singing ‘ Gentle Annie ’ or any other school 
song. Then speaks — 

Bauldie : Here comes I, Bell Hector ; 

Bold Slasher is my name. 

My sword is buckled by my side, 

And I am sure to win this ffame. 
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General : This game, sir ! This game, sir ! 

It’s far beyont your power. 

I’ll cut you up in inches 
In less than half an hour. 

Baiddie ; You, sir ! 

Gemral : I, sir ! 

Banldie : Take out your sword and try, sir ! 

[They fight ; the General is killed. 

All : The Doctor. 

[One runs and calls the Doctor. 
The Doctor enters. 

Doctor : Here comes I, old Doctor Brown, 

The best old Doctor in the town. 

All: And what diseases can you cure ? 

Doctor : I can cure all diseases, to be sure. 

All: What are they ? 

Doctor: Hockey-pokey, jelly-oakey, 

Down amongst the gravel. 

[The Doctor gives the General a draught from the bottle^ and he starts 

to his feet^ 

216. Laurieston. — The following version is played here : — 

Hector, Slasher, the Doctor, Beelzebub. Three of the actors enter 
the house and say : 

Hallowe’en, Hallowe’en comes but once a year. 

And when it comes we hope to give all good cheer. 

Stir up your fires, and give us light. 

For in this house there will be a fight. 

Hector : Here comes I, bold Hector ; 

Bold Hector is my name. 

With my sword and pistol by my side 
I’m sure to win the game. 

Slasher : The game, sir ! The game, sir ! 

It’s not within your power ; 

For I will cut you up in inches 
In less than half an hour. 

Hector : You, sir ! 

Slasher: I, sir ! {They draw swords and fight. 

Hector . Do, sir ; die, sir ! [Slasher falls. 

Hector : Oh, dear ! what’s this I’ve done ! 

I’ve killed my brother’s only son. 

A Doctor ! A Doctor I Ten pounds for a doctor ! 

What I No doctor to be found ? 

Doctor enters. 

Doctor : Here comes I, old Doctor Brown, 

The best old Doctor in the town. 

Hector : What diseases can you cure 1 
Doctor : All diseases, to be sure. 

I have a bottle by my side, 

All mixed with polks (?) and eggs ; 
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Put it in a mouse’s blether, 

Steer it with a cat's fether ; 

A drop of it will cure the dead. 

\Soyne of the medicine administered to Slasher 
Hector : Get up, old Bob, and sing a song. 

[Slasher te/?. 

Slasher: Once I was dead and now I’m alive ; 

God bless the old Doctor that made me survive. 

Beelzebub comps forward. 

Beelzebub : Here comes I, old Beelzebub, 

And over my shoulder I carry my clogs, 

And in my hand a frying-pan ; 

So don’t you think I’m a jolly old man ] 

And if you think I am cutting it fat, 

Just pop a penny in the old man’s hat. 

217. Anotlier version : — 

Hector, Slasher, the Doctor, Johnny Funny. 

Hector : Here comes I, bold Hector ; 

Bold Hector is my name ; 

A sword and buckler by my side, 

And I’m sure to win the game. 

Slasher : Here comes I, bold Slasher ; 

Bold Slasher is my name ; 

A sword and buckler by my side, 

And I shall win tlu^ game. 

Hector : You, sir 1 
Slasher : I, sir! 

Hector : Take out your sword and try, sir 1 

yHie two fighty and ’H.EC'Von falls. 
Slasher : Oh dear ! Oh dear ! what’s this I’ve done 1 
I’ve killed my brothers all but one. 

A doctor, a doctor, ten pounds for a doctor ! 

The Doctor e)(ters. 

Doctor : Here comes 1, old Doctor Brown, 

The best old Doctor in the town. 

Slaaher : What diseases caii you cure ? 

Doctor : All diseases, to be sure — 

Gout, skout, bully gout, and the carvey. 

\Administers medicine to Hector. 
Slasher : Rouse uj), sir ; sing us a song. 

Hector ri .'^ e ^. 

Hector : Once I was dead, and now I’m alive ; 

God bless the Doctor that made me survive ; 

Up and down tlio mountains, underneath the ground, 
Eating bread and liiscuits all the year round. 

Johnny Funny enters. 

Johnny Funny : Here comes I, wee Johnny Funny, 

The very wee boy to gather the money ; 

Pouches down to my knees, 

And I'm the boy to gather the bawbees# 
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218. Bahnaghie. — At Hallowe’en the children carried one lantern 
made of a hollowed-out turnip, and called at the houses and got apples, 
hazel-nuts, money (which was divided), potatoes, mashed, with a sixpence 
among them (this last at a cotman’s house). The sixpence was divided. 

[It may be mentioned that in Forfarshire the children sang, swinging 
the hollow neip^ or turnip : — 

Hallowe’en, a night at e’en, 

A candle an’ a kail-runt ! ^ ] 

The visits lasted from 7 to 9 p.m., and covered a dozen houses. Some 
locked the door, but usually the people were glad to see them. 

The Moon, 

219. Kirkmaiden. — ‘ Faul ’ is a name for a halo round the moon. The 
weather proverb is, ‘ A far-afF faul is a near-han’ storm.’ 

220. A halo round the moon is called a ‘broch.’ There is commonly 
an opening in it, which is called the ‘door.’ The weather proveib is, ‘A 
far-off broch, a near shoor.’ 

221. Borgue, Dairy ^ Kirhaaiden. — The spots on the moon are formed 
by the man that gathered sticks on the Sabbath. He was transferred to 
the moon, with his bundle of sticks on his back, as a punisliment for 
Sabbath -breaking. 

222. Fortlogan. — The mairt used to be killed when the moon was on 
the increase. 

223. Kirkmaiden. — If a hen is set when the moon is on the increase it 
is believed that the birds are hatched a day earlier than if slm is set 
during the time of waning. 

224. Fortlogan, — A sow brings forth as many pigs as the moon is old 
at the time she conceives. 

225. Kirkmaiden. — Flax had to be steeped at such a time as that the 
moon would not change while it lay in the ^ dub,’ or ‘lint-dub.’ It was 
believed that if a change did take place the mucilage became thick and 
the fibre was injured. To counteract this evil a piece of iron was thrown 
into the ‘ dub ’ among the flax. 

226. On seeing the new moon for the first time an unmarried woman 
repeats the words : — 

All hail to the muin, all hail to thee ! 

I pray thee, guid muin, come, tell to me 

This night who my true love’s to be. 

Without speaking a word [afterwards] she goes to bed. She dreams of the 
lover that will wed her. 

227. Dairy. — The first time a woman sees the new moon, she has to 
curtsey to her. 

228. Mochrum, Dairy. — It is unlucky to see the new moon for the 
first time ‘ through glass,’ i.e., through a window. 

229. Bahnaghie. — If the new moon is lying on her back ‘ the rain does 
not get through,’ and so there will be fair weather. If she stands straight 
up and down all the rain runs off, and so the weather will be wet. 


’ Kail-runt = cabbage-stalk. 
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230. Rerrich. — The circle round the moon is called a ‘ ring/ It indi- 
cates a change of weather. The saying is — 

The farder oot the ring 
The narder han' the storm. 

231. Corsoch. — The halo round the moon is called a ‘faul’ (fold). It 
is an indication of a corning storm. The open space in it lies in the 
direction from which the storm will blow. 

232. Rerrich. — The circle round the moon is called a ‘broch.’ It is 
looked on as an indication of a change of weather. 

233. Corsoch. — When one sees the new moon for the first time, let the 
money in the pocket be turned and three wishes formed, and they will be 
fulfilled. 

234. Dundrennan. — Cabbage-seed must be sown in the waning of the 
moon, else the plants will run to seed. 

The Sun. 

235. Corsoch. — If at sunrise the sky becomes red, and the red extends 
far over the sky, the day will be fine ; but if the red remains low, and 
disappears soon after sunrise, rain follows in a short time. 

23(). Kirhmaiden. A mock sun is called a ‘ dog.' 

237. Dundrennan. — A glassy glittering sunset is an indication of a 
breeze. 

Thunder. 

23«S. Minnigaff^ Balmaghie. — During a thunder-storm some are in the 
lialnt of opening the door and windows of the dwelling-house, witli tlie 
idea of allowing the lightning to escape if it enters the house. 

239. Balmaghie. — The fire is taken out of the grate. Sometimes it is 
extinguished with water. 

240. Kirhmaiden^ Minnigaff.^ Balmaghie. — It is usual to cover up all 
looking-glasses. 

The Dwelling-house. 

241. Kirhmaiden. — When the foundation of a house is laid, the work- 
men are entertained with whisky. This whisky is called the ‘ funin pint/ 
i.r., foundation pint. 

242. When the carpenters begin to put on the roof of a house, they 
receive at times whisky. This is called the ‘reefin pint,' t.e., roofing pint. 
(Informant a carpenter.) 

243. Dalrg.~TX is unlucky for one to build a house to live in. 

244. Kirhmaiden. — My informant has heard it said that it is unlucky 
for one to build a house to live in. 

245. Dairy . — It is not lucky for one to enter for the first time by the 
back-door a house he (she) is to live in. 

246. Balmaghie, Kirkmaiden.—Thc^. floor of the dwelling-house must 
never be swept towards the door, but towards the hearth. 

247. Kirhmaiden. — The hearthstone is accounted the most sacred part 
of the dwelling-house. 

248 Kells . — When Kirkdale House, in the parish of Anwoth, was 
built, the man that laid down the first load of stones for the building 
of it was hanged for the murder of a woman whom he had led astray, and 
the mason that laid the first stone of it was killed in the course of its 
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erection. TJie common explanation of these fatalities was that the owner 
of the house had gained his fortune by unjust means. 

249. Kenmure Castle, in the parish of Kells, was planned to be built 
on an island in Loch Ken, and a quantity of stones was laid down for its 
building. During one night before the work was begun, they were all 
taken away and laid down on the site the Castle now holds. (Told in 
Balmodellan.) 

250. In a holm on the river Ken near Kenmure Castle there is a 
large block of stone. It was thrown from Cairne Edward by the devil to 
destroy Kenmure Castle. He put too much force into his cast, and the 
rock went over the Castle and fell on the holm beyond it. 

251. Rerrick. — When the old church of Rerrick was being taken 
down, the aunt of the wife of the man that had contracted to do so 
remonstrated with her for allowing him to undertake the work. He or 
another of the workmen, she said, would be killed. A beam fell upon 
him and injured him. 

252. Kirhnaiden , — In flitting into a house that has been left vacant 
by another, no one enters it without first casting into it a living creature, 
commonly a cat or a hen. If ‘ ill has been left on the house,’ it falls on 
the animal that is thrown into it. It dies, and the lives of those that 
^ire to dwell in the house are spared. 

253. A family at Aachliach, when removing, boro a grudge against 
those that were to occupy the house after them. They swept the hearth 
and the house clean, and put on ‘ a stone fire.’ Something had been for- 
gotten ill the house, and a daughter returned to fetch it. The ^ ill that 
had been left on the house ’ fell on her. She became a cripple, and for 
many years was able to walk only on crutches. 

254. Rerrick , — In going into a house from which another person or 
family has removed, it was usual to cast into the house a living creature, 
nb a cat or hen, before any of the family entered. 

255. If one, on leaving a house, had a grudge against those that were 
to live ill it, the house was swept clean and a fire of stones and green 
thorn was placed on the hearth. 

25G. A family of the name of Burnet went into a house at Holehouse, 
from which had gone out another family that bore an ill-will against the 
new tenants for putting them from the house. The fire of stone and 
green thorn had been placed on the hearth. The usual precaution of 
•casting in a living creature had been omitted. The youngest son was 
the first to enter the house. ‘He did nae guid aifter,’ he fell into 
weak health. My informant has heard the young man’s brother tell the 
story. 

257. My informant’s daughter was removing from a house. To leave 
the house as neat as she could for those that were to occupy it after her, 
■she swept the floor of the house, lifted the sweepings, and cast them out. 
The man that was to inhabit the house was present. Seeing what she 
did, he called out, ‘ Ye bitch, why did ye soop awa ma luck ? ’ 

Meal. 

258. Bahnaghie . — The ‘ kist,’ or box in which the meal is kept, is 
called the ‘ ark ’ or ‘ meal-ark.’ 

259. Laurieston. — Said a woman aged eighty-five, ‘ The meal is beetlt 
doon i’ the meal-ark till it is firm an’ sad.’ 
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Bread. 

260. T migland. -^\\Q whisk used for brushing the dry meal off the 
cakes is called ‘ the sooper,’ and is made of the wing-feathers of domestic 
fowls. 

261. Kirlimiiiden . — In rolling out a cake, if a hole broke open in it, 
it is augured that strangers will eat of it. 

262. Minnigaff . — If the cake breaks in the rolling out, it is an omen 
that strangers will turn up to have a share in eating ‘ the bakan.’ 

263. — in baking a cake, if the ‘ crown of the farle ^ breaks, it indicates 
that strangers will eat of that bread. 

264. (jlallow<nj g< tierallg . — The cake is conn'nonly cut into three * farles.’ 

265. Kirkmaidni . — To find out whether the cake is sufficiently ‘fired,’ 
it is usual to lift the ‘ crosn o’ the farle.’ If it breaks when lifted, it is 
taken as an oinen that the death of a near relative is at hand. 

266. When the crown of the ‘farle’ breaks during the course of 
baking, the death of a friend will be heard of before the ‘ farle ’ is eaten. 

267. BahnacleRan^ JRrrrick, Lauriestony Dairy . — If the crown of the 
‘ farle ’ breaks in the course of baking, it is regarded as a portent of a 
death at no distant period 

268. Tuiighmd . — If the crown of the ‘farle’ breaks v hen taken oil 
the ‘girdle,’ a death will soon be heard of. 

269. Dairy . — When the ‘girdle’ is taken off the lire and laid on the 
floor after baking is finished, and before being laid aside, a scone or 
‘ farle ’ is left on it to keep off ill-luck. 

270. Minnigaff.—Tlhe liollow* side of t}»e ‘ farle ’ is placed uppermost. 

271. Kirhaiaidrn . — It is considered by some to savour of bad ‘ farle ’ 
to ‘ nip the croon o’ the farle ’ in eating it, to begin to cat the manner 
from the top or crown. 

272. Minnigaff . — By many it is accounted bad inaniiors to break off 
the crown of the ‘ farle’ first when one begins to cat it. 

273. Rrrrick.- It is accounted unlucky to begin to cat from the 
‘ croon o’ the farle.’ 

274. Laarirston . — Said an old woman to me : ‘ A “melder bannock ” 
was made for the wee yins.’ 

275. — A kind of bannocks, called ‘treacle bannocks,’ used to be made 
for use about the New Year. They were composed of oatmeal with 
treacle added. Sometimes carraway seeds were added. 

mih. 

276. Krlls . — It is unlucky to pull down a meal mill. 

277. My informant’s uncle was a miller. He was put out of liis mill 
by a family of Maxwell. J. McQueen, a neighbour, sai<l that ‘ they widd 
a’ gang like braxy sheep. Nae boddie widd doe ony guid that knockit 
(loon a mortart (moultert) mill.’ The family afterwards vent to ruin. 
The meal- mill was turned into a saw-mill. 

278. ‘ They never thrive that middle wi’ kirk or mill.’ 

279. There was no milling on New Year’s Day, ‘ except when thrang.’ 

Trader. 

280. BalmagJtie . — When an apprentice to the shocmaking trade ‘ sat 
doon,’ ‘ he paid his fittan ’ — i.c., he gave a quantity of whisky to the 
tradesmen in the shop. 

1897. 
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281. When the apprenticeship was finished, there was ‘the prentice 
lowsan ’ — i.e., there was a feast, a ‘high ’ tea with a little drinking of 
whisky. A dance completed the festivity. What money was left over 
was given to the young man to help him to make a start in life. Till 
lately this was quite a common custom. 

282. Shoemakers were, at one time, in the habit of going to the 
houses of their customers to exercise their calling. This was called ‘ tc 
boag.^ 

283. The higher that a plum-tree grows, 

The richer grows the plum ; 

The harder that a poor snob works, 

The broader grows the thum’. 

(All told by a shoemaker.) 

284. Dundre.nnayi, — It was the custom, when a shoemaker finished 
his apprenticeship, for his companions and friends to give a ball. It was 
called ‘ the lousin ball.’ My informant has seen such balls. 

285. Bahnaghie. — Saddlers were, at one time, in the habit of going to 
the houses of their customers to do their work. 

28G. Portlogan, — A bottle of whisky was always carried to the smithy 
Avhen a horse was to receive his first set of shoes. 

287. Kirkmaiden. — A bottle of whisky was given to the l)lacksmith 
Avhen he put on the first set of shoes of a young horse. Part was drunk 
when the first nail was driven. 

288. Mochrum. — When a young horse was brought to the smithy to 
be shod for the first time, the blacksmith, before driving the lirst nail, 
‘ sounded ’ the foot by striking it with the hammer. 

289. Portlogan. — In welding two pieces of iron, if they ‘misst the 
heat,’ and did not weld, some barley-straw was got, laid on tlie ground 
round the ‘studdy,’ and burned. The two pieces of" iron were again laid 
in the fire to ‘ tack the heat again ’ for welding. ]\Iy informant has seen 
this done. 

290. No regular blacksmith could be induced to make the nails for tlui 
crucifixion of our Saviour. A travelling blacksmith did so. The tinkers 
have wandered ever since. (Communicated chiefly by two blacksmiths.) 

291. Corsock. — It was the custom to drink whisky on the occasion of a 
young horse getting the first set of shoes. If the first nail driven went 
straight, the blacksmith used to say: ‘The whisky’s win.’ If the nail 
did not go straight, it was thought the blacksmith had not fairly won his 
‘ dram,’ for it might be refused. Though the custom has, for the most 
part, been given up, the blacksmith will sometimes say when he drives 
the first nail straight : ‘ The whisky’s win.’ 

292. Girthon. — When an apprentice blacksmith finished his appren- 
ticeship, his companions and friends sometimes gave a ball, called ‘ the 
lousin ball.’ The apprentice gave no money for its expenses, and if there 
was any money over, after paying the expenses, it was given to the 
apprentice. 

293. Mochrum. — When a toast is proposed to a carpenter, a form of 
words : — 

‘Here’s to pottie, paint, and glue.’ 

294. Portivilliam. — It takes nine tailors and a bull-dog to make a 
man. Here is one explanation of the saying. Nine tailors that in 
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' common harassed a bull were asked for alms by a tramp. Each gave 
him a little. The tramp turned from his begging, entered into some sort 
of business, and made a fortune, and so became a ‘ man.^ 

295. Another explanation, differing in some respects from this, was 
communicated by a tailor. 

296. Kirhmaiden. — When an apprentice gardener completed his 
apprenticeship, his companions gave him a ball called the ‘ lowsan ball.’ 

297. Dnndrennan^ Parish of Herrick. — Weavers did not weave on 
New Year’s Day. 

The Clergy. 

298. Borgne. — It is unlucky to speak ill of a minister. 

299. Balmaghic. — It is unlucky to speak ill of a minister, or to do him 
any harm. Once a few men would play a trick on a minister, and they 
contrived to induce him to take strong drink till he was overcome. This 
act caused a scandal, and the minister was charged with drunkenness 
before the Presbytery by libel. The men that had been the cause of his 
slip were summoned as witnesses. All of them were ill and confined to 
bed when the trial came on, so tliat not one of them was able to appear at 
the court to give evidence, 

300. ‘ Nae boddie it centers a minister comes t’ a guid en’.’ 

301. Ministers are black craws t’ sheet at.’ 

302. ‘ Hae ye a dog, Maister Peid ’ asked a man one day of Mr. Reid. 

‘ No. Why do you ask ? ’ 

‘ It’s an aul story here, the minister’s dog aye barks at them it dinna 
come aften t’ the kirk.’ 

303. Kells. — ‘ It is unlucky t’ middle wi’ craws an’ ministers.’ 

Cattle. 

301. Dairy . — In s}n'ing the cattle of a farm used to be bled. Part 
of the blood was baked into a kind of bread (oaten) called ‘bleed 
scones.’ 

305. Kirkma.iden . — About sixty years ago all the cattle were bled in 
spring. The blood was preserved, and cooked as food. A little was 
mixed with it. 

306. Jlahnaghi(\ Crossmichael. — K stone whorl or ‘bort stone’ is 
placed by some over the byre door inside, to keep off witches. 

307. Crossmichael. — Cattle were rubbed over with a ‘ bort stone ’ to 
ward off disease. 

308. Penninghamr . — A ‘ holt stone,’ ^.e., a stone with a natural hole 
or cavity in it, or ‘ boi’t stone,’ i.e.^ a stone whorl, was kept in the water- 
ing trough of the cattle. Sometimes the guidwife took a besom, whisked 
it round and round the trough, and then sprinkled some of the water over 
the cattle as they stood round the trough. 

309. In the cattle- watering-trough on the farm of Garchew, in the 
parish of Penninghame, a ‘holt stone ’ was kept for the protection and 
luck of the cattle. It was called ‘ Old Nanny’s mother’s trough stane.’ 
Old Nanny Wilson died about 1891, at the ago of ninety years. 

310. Sometimes the nose of a cow, stot, or calf will swell. 
The animal is said to be ‘ weasel-blawn.’ It is supposed the swelling is 
caused by the bite of an adder. If there are any feathers in the house, 
they are taken and placed under the animal’s nose, and set on fire. Tlie 
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smoke is supposed to effect a cure. If there are no feathers available at 
the time, a fowl is killed without delay and plucked, and the feathers 
are used. 

311. Kirk maiden. — Before the cows were put forth to grass for the 
first time in spring, some had the custom of sprinkling over them a 
mixture of salt and urine that has been long kept, and thus smelt 
strongly. 

312. Dairy. — Sixty years ago my informant has seen fire put down 
in the byre-doorway on Beltane, and the cows were made to pass 
over it. 

313. Corsock. — It is the belief that, if a cow or a ewe, immediately 
after coition, gets a fright from any object, the offspring is of the same 
colour as the object that causes the fright. John McKie at Drumhuphry, 
Kirkpatrick-Durham, was one day leading a black Galloway cow from 
the bull, when a white animal jumped a hedge near the cow. She took 
fright. The offspring of the cow was white. 

314. Kirkmaidfit. -A little salt used to be put by some on a cow’s 
back when bought, 

315. If a cow began to tremble, it was believed she had been struck 
with a fairly shot. A wise w^oman \vas sent for, and she carefully groped 
over the animal’s body for the hole made by the shot. A cure was a 
quantity of soot, salt, and butter made up into three balls, and put down 
the animal’s throat. 

316. A man’s cow became ill and fell down. A ‘ .skcely ’ woman was 
sent for. She came and rubbed the animal all over with an ‘elf-shot.^ 
The animal jumped up as if nothing had been the matter. 

317. Corsock. — If a cow did not give her milk, some feathers w^erc? 
taken from a pillow or bolster, placed before her, riglit under her nose, 
and set fire to, so that she might inhale the smoke. 

318. Kirkmaidcn. — A byre-girl sprinkles her urine over a cow’s 
back when she is going to calve. This is done to keep off witches 
and ill-luck. Not long ago a farmer’s widow ordered lier byre-girl to 
do this. 

319. When a cow dropped the calf, a little salt was placed on her 
back. 

320. Tunyland. — Some salt or oatmeal was put on the cow’s back 
over the ‘ neers,’ f.^., kidneys, when .she dropped the calf. 

321. My informant’s motlier used to put a little oatmeal on 
the cow’s back after the calf was dropped. 

322. Tunyland. — When a cow calved, oatmeal and salt mixed together 
were sprinkled along the cow’s back and over the calf. 

323. Balma/jhic. — A mixture of oatmeal and salt was put on the cow’s- 
back over the kidjieys when she dropped the calf. 

324. Tunyland, Kirkniaiden. — Beesiian is the name of tlio milk first 
drawn from the cow after calving. Part of it is at times given to the 
cow. 

325. Kirhnaiden. — When the cow calved, a little salt was, and is 
still, put by some into tlio pail into which the milk is drawn. (From 
more than one informant.) 

326. My informant has seen a sixpenny piece put into the pail into 
which a cow was milked the first time after calving. (More than one 
informant.) 

327. Part of the milk of newly-calved cows is cooked into a dish 
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called ‘ Beesnan cheese.^ Pancakes, called ‘ Beesnan pancakes,’ are at 
times made of it. 

328. A little salt was put into the churn when butter was being made 
to keep off witch-spells. (Informant eighty-one years of age.) 

329. When cream was long in coming, some had the custom of putting 
a sixpenny piece into the churn or under it. 

330. Some had the custom of drying a newly calved calf with ‘ shillin- 
sids.’ 

331. BalmaghiP, — A little of the cow’s droppings was put into the 
calf’s mouth when it came from the cow. 

332. Kirkmaiden. — Some put an egg into the calf’s mouth when 
•dropped from the cow. 

333. Tangland. — The calf gets part of the ‘ beesnan.’ 

The Horse, 

334. Kirkmaiden, — A mare was always foaled outside if possible. If 
foaled inside, the foal when grown would lie down when passing through 
a ford, or break a man’s leg. 

335. It was accounted unlucky if a mare foaled inside the stable. 

336. Portlogan. — Twa white feet you may buy. 

But three never try. 

337. Corsock. — Mares are still foaled outside, except in early spring if 
the weather is too cold. 

338. Some keep whistling during the time a young horse is being shod 
for the first time. It is thought the whistling keeps the animal quiet. 

338a. — 8ome farmers had the custom of carrying a sheaf of oats to the 
smithy when they took a young horse to receive the first set of shoes. 
When the shoes were being put on they kept feeding the animal with 
handfuls of the grain, under the idea that this kept it quiet. 

339. A young horse commonly gets its name when it is between two 
and three years old, when one begins to train it to work. (My informants 
are blacksmiths in Corsock.) 

340. Kelton . — My informant in 1894 went into a cot-house in the 
parish of Kelton. As he was entering he observed a horse-shoe placed 
on the ground at each side of the door. He asked the cot-man’s wife 
what she meant by having them there, and where she got them. She said : 
*■ We brocht them frae oor last place in Boi'gue, and they are a pair o’ the 
shoes o’ the pair o’ horse my man drove, an’ as lang as they are there, 
we’ll keep oor place.’ ‘ But if one was t’ steal them, what would happen 1 ’ 
said my informant. ‘ Then we’ll no be lang here,’ was the answer. 

311. Kirkmaiden. — An old horse-shoe is sometimes nailed to the inside 
of the by re- door to bring luck. 

342. Kerrick . — The skeleton of a horse’s head was found below the 
pulpit when the old parish church was pulled down. 


Sheep. 

343. Kirkmaiden . — About forty years ago it was the custom to put a 
little salt in the mouth of the lamb when it fell from the ewe. This was 
supposed to cleanse the mouth. 

344. Sheep before a change of weather always leap and frisk, and box 
(butt) each other. 
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Pigs. 

345. Tungland. — A sow, when she farrows, gets a farle of bread (oaten) 
and butter. 

346. Kirhnaiden. — Some would allow only one with dark eyes to look 
for the first time on a young pig when brought home. One woman would 
not permit any one to look on the young pig she brought homo till Betty 
McMaster with her black eyes looked on it. 

The Cat. 

347. BalmaghiP. — A black cat not belonging to the house coming in is 
looked upon as unlucky. 

The Hedgehog. 

348. Balmaghie .—I lO meet a live hedgehog in the morning is regarded 
as an omen of good luck. 

349. To come across a dead hedgehog is deemed unlucky. 

The Hare. 

350. BalmacJeUau. — It is unlucky to meet a hare, 

351. Bidoiaghie, Herrick. — It is deemed unlucky if a hare crosses the 
path in front of one. 

352. Coi'soek. — A man of the name of McGcorge, if ho had been going 
to fetch home a young pig to rear and had met a Jiare, was wont to turn 
back. He believed the pig would not thrive if brought home that day. 

353. Fort Patrick. — A fisherman accounts it unlucky to meet a hare 
when he is going in the morning to ‘ fish his net ’ (salmon). ‘ We ncedna 
gang, boys, there she is,^ says a fisherman to his companions, if such a 
thing happens. He does not utter the word ‘ hare.’ 

354. Rerrick. — A hare running along the stre(*t of the village of 
Dundrennan is looked upon as very unlucky. Some years ago a hare ran 
along the street. Not long after an epidemic broke out, but my informant 
did not remember what epidemic it was. 

355. Borgne is deemed unlucky to meet a hare in the morning. 

356. Kirhnaiden. — If a fisherman in going to the fishing meets a hare 
he will turn and go back, as there will be no luck that day. 

The Wild Rabbit. 

357. Bal maghie. — Some account it unlucky to meet a wild rabbit. 

Domestic Fowls. 

358. Rerrick^ Klrkmaulen. — A cock crowing at the door forebodes the 
coming of a stranger. 

359. Kirkmaiden. — It was at one time a belief that if a cock reached 
the age of seven years he laid an egg, which, when hatched, produced 
a cockatrice. 

360. Kirkmaiden. — It is an indication of a coming misfortune if a 
cock crows at night. 

361. BaJinaclellan. — If the cock goes crowing to bed, he’ll rise wi’ a 
watery head. 

362. Crossmichael. — When a cock crowed at what was looked upon as 
an untimely hour, the guidwife rose from bed, went to the hen-house, 
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opened the door, and light in hand looked in what direction the bird was 
looking. That direction indicated the direction from which some piece of 
bad news was to come. 

363. Kirkmaiden, — When a hen crowed she was killed at once. Sucli 
a thing was accounted very unlucky. ‘ A era win’ hen’s no sonsey ’ and 
‘ A crawin’ hen an’ a whisslin’ lass is no sonsey ’ and ‘ Whisslin’ maidens an’ 
crawing hens are no lucky aboot ony man’s hoose,’ are three saws. 

364. Kirkmaiden. — The small egg a* hen sometimes lays bears the 
names of a ‘ nocht ’ and ‘ a mock.’ Such an occurrence is regarded as the 
forerunner of some piece of misfortune. 

365. Minnigaff. — Tlie first egg a hen lays is called a ‘maiden egg.’ 

366. Kirkmaiden, — A hen is set in the evening after sunset. 

367. Fortlogan. — A hen is not set during the month of May. Tiie 
saying about chickens hatched in May is : 

Come oot in May 
^loom for aye. 

368. Fortlogan. — A hen hatches as many chickens as the days of the 
moon’s age when she is set. 

369. Kirkmaiden, - A hen is set with an odd number of eggs, 
commonly thirteen. 

370. Kirkmaiden. — If the tread is right on the top of the egg, a cock- 
bird is hatched, if it is towards the side a hen- bird comes forth. 

371. Kirkmaiden, -If a black spot is painted on the egg of a white 
hen before it is placed for hatching, the bird hatched will have a black 
spot. 

372. Balmaclellan. — It is considered unlucky if a hen lays a very 
small egg. Guidwives did not like to get such an egg. 

373. Bahnaclellan, — A hen is set in the gloaming with the number of 
thirteen eggs. 

374. Lauriesion . — It is unlucky to have a crowing hen about the 
house. 


Bea-hirda. 

375. Kirkmaiden, Balmagliie, — AVhen ^ea-birds lly inland, a storm is 
approaching. 

376. Moclirum. — The cormorant bears the name of Moehrum Elder. 

377. Herrick. — The cormorant is called Colvend Elder. 

378. It is accounted unlucky by some to shoot a cormorant. 

The Sicalloic. 

379. Bid tnaghie.- If swallows come to a house it is accounted lucky. 

380. Kirkmaiden. — It is unlucky to do harm to a swallow’s nest. 

381. D<dry. — It is unlucky to injure swallows in any way. 

382. Kirkmaiden. — 

Sit and see the swallow flee. 

Gang and hear the gowk gell, 

The foal afore its mither’s ee, 

An that ’ill be a guid year for thee. 

383. Borgue. — It is unlucky to shoot a swallow. 



472 


REPORT — 1897. 


The Wren. 

384. KirkmaideUf Bahnaghie.- Tt is unlucky to kill a wren. 

385. Bahnaghie. — It brings ill luck to harry a wren’s nest. 

The Rohin. 

386. Bahnaghie^ Kirkmaiden. — It is accounted unlucky to kill a robin 

387. Balmaghie . — 

The robin and the wran 
Sits at God’s richt han’. 

388. Balmaghie. —It is accounted unlucky to harry a robin’s nest. 

The Lark. 

389. Balmaghie. — ‘Geed the laverack’s heicht, I cudna follow.’ 

The Peewit. 

390. Ivirkmaiden. — The Peeweet is called Tappitie-wheet. 

391. Balmaghie . — 

Peeweet, peeweet, 

I built my nest in a coo’s fit, 

An 1 rue it, I rue it. 

The Cuckoo. 

392. Dairy. — The first time of the season one hears a cuckoo, the 
number of times the bird utters its note indicates the number of years till 
marriage or death, according as the one that hears may be married or 
unmarried. 

393. It is unlucky to hear the cuckoo for the first time of the season 
when one is in bed or before breakfast. 

394. Borgue.—lt is unlucky to shoot a cuckoo. 

395. Corsock. — The first time one hears the note of the cuckoo, let her 
or him turn three times round, and below the foot will be found a hair of 
the colour of the hair of the future husband or wife. 

The Rook. 

396. Mochrum. — It is regarded as lucky to see crows (rooks) about the 
dwelling-house. 

397. When crows fly low, rain is not far off. 

398. Dairy. — It is unlucky to de.stroy a rookery. 

399. Borgue. — In days gone by it was accounted unlucky to shoot 
crows. 

400. Rerrick. — Rooks ‘ diving,’ i.e., flying up and down and wheeling, is 
an indication of a breeze. 

The Magj)ie. 

401. Kirkmaiden. — The magpie is regarded as a bird of ill omen. 

402. Mochrum^ Dairy. — It is unlucky to see a single magpie. 

403. Minnigajf. — It is considered unlucky to see a single magpie when 
one is going a journey. 

404. Borgue. — The appearance of three magpies near a dwelling-house 
is an indication that a funeral will soon go from that house. 
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405. Minnigaff . — It is accounted unlucky to shoot a magpie. My 
informant’s father would on no account shoot one. 

406. Kirkmaiden . — 

Yin’s sorrow, 

Twa’s mirth, 

Three’s a beerial, 

Fowr's a birth. 

407. Minnigaff . — 

Yin’s sorrow, 

Twa’s mirth. 

Three’s a funeral, 

Fowr’s a birth, 

Five’s a ship on the sea, 
or, 

Five’s a message from over the sea, 

Six is a letter coming to me. 

408. Kells,-^ 

Yin’s sorrow, 

Twa’s mirth. 

Three’s a beerial, 

Fowr’s a birth. 

Five’s rain. 

Seven’s frost, 

The worst o’ a’. 


409. Forfar . — 

Ane’s sorrow, 

Twa’s mirth. 

Three’s a weddan, 

Fowr’s a birth, 

Five’s a cirs’nan. 

Six is hell 

Saiven’s the deevil himsel’. 

410. Ayrshire . — The formula regarding the magpie when seen by a 
woman great with child is : — 

Yin’s joy, 

Tway’s grief, 

Three’s a girl, 

Fowr’s a boy. 

411. When one sees a magpie the words : ‘Sorrow to you 
and none to me ’ are called out. 

412. Balmaghie . — 

Yin’s sorrow, 

Twa’s mirth. 

Three’s a beerial, 

Fowr’s a birth, 

Five’s a waddin’. 

Six is a ship sailin’. 
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413. Herrick . — 

Yin’s sorrow, 

Twa’s mirth, 

Three’s a funeral, 

Fowr’s a birth, 

Five’s a shipwreck, 

Six is a waddin. 

Seven’s a death. 

Peacock. 

414. Cor sock . — It is unlucky to have peacock’s feathers in the house. 


The Adder. 

415. Kirhnaiden . — If one meets with an adder and tries to kill it, but 
fails to do so by its escaping, a' ‘ tryst ’ is made to meet with it next day 
at a fixed hour and place, and it will keep the ‘ tryst,’ so that another 
opportunity is given to put it to death. The uncle of one of my in- 
formants actually did this. It was a common thing to do this when one 
of my informants was a boy. 

416. A farmer of the name of Milnmine occupied the farm of INlyroch. 
One day he went to an uncultivated hillock that was covered with whins 
to cut some. Near it was a hollow, and looking down into it from the 
hillock, he saw a great numlxu* of adders — as many as would fill ‘ the box 
of a cart- all squirming through each other,’ with a white one in the 
middle of them. He threw among them the axe with which he was to 
cut the whins, and turned and fied. Next day he returned to search for 
his axe. In his search he found an adder- stone — a white stone with a 
hole through the centre of it. He preserved it carefully by putting it 
into his ‘ kisb.’ He was never without money afterwards. 

417. Minnigaff.— '^'Ly informant’s husband had an adder-stone. It 
was a small round stone with a hole in the centre. 

418. Kirhnaiden . — If a fire is kept burning for seven years con- 
tinuously, a serpent issues from it. 

419. Corsock . — A cure for the sting of an adder is for the one stung 
to drink new milk to vomiting. 

420. A cure is to drink new milk and to rub the wound with a salve 
made by boiling ash leaves with new milk. 

421. Porgue.- -A decoction of ash leaves boiled in milk is applied to 
the wound caused by the bite of an adder. My informant saw this 
applied to the cure of a calf stung by an adder about 1850. 

The Wasjj. 

4*22. Herrick . — It is the belief that wasps do not sting during the 
month of September. 


The Black Snail. 

423. Dairy . — In going on a journey if you meet a black snail, take it 
by the horns, throw it over the right shoulder without looking behind, 
and money will be got before the journey is finished. 
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Caterpillar. 

424. Girthon. — The caterpillar of the Nettle Butterfly (Fanessa urtiav) 
bears the name of ‘ Grannie.’ When one meets one crossing the path or 
otherwhere, it is spit upon. If this is not done, it is believed that some 
misfortune will befall the grandmother, if she is alive. 

llie Spider. 

425. Balmaghie. — It is accounted unlucky to kill a spider. 

Trees and Shrubs. 

426. Borgne. — The Boortree, t.c., the elder, used to be planted round 
kailyards and near dwelling-houses as a protection against witches. 

427. Kirhmaiden. — There are old-fashioned folk that will not allow a 
domestic animal to be struck with a ‘ boortree ’ stick. 

428. Corsock, Kirkniaiden, Bahnaghie.— -A. branch or piece of rowan 
tree used to be placed over the byre-door inside to keep off* witches. 

429. Kirkmaiden, — My informant has seen piccc;s of rowan tree laid on 
the man tel -piece to protect the house from witches. 

430. Portlogai}. — The thowl pins of a boat, or at least some of them, 
are always made of rowan tree. 

431. Kirknialdeu. — Fishermen tie their lines to a rowan stick to keep 
the witches at a distance. 

432. Borgne. — Kowan tree was used as a protection foi- unbaptized 
children against witclies. 

433. Bahnaghie. — Our Saviour always carried in one hand a staff' of 
holland, the holly tree, and in the other a rod of rowan tree. 

134. Corsoek . — The farmer of Grogo ]\Iill had in the byres some of the 
stakes to which the cattle are fastened, made of rowan tree, as a safeguard 
from witches. He died about ten years ago. 

435. Herrick. — My informant saw an old woman bring a piece of 
rowan tree into the byre of one of her neighbours on the occasion of a cow 
falling ill. 

436. Bahnnghie . — About twenty years ago my informant saw at Loch- 
inbreck a woman milking her cow tied to a rowan tree. 

437. Corsoek, Kells. — lin houses built some time ago, it was quite com- 
mon to have some of the lintels made of rowan tree. 

438. Corsoek.- — It was customary to plant rowan tree in the garden. 

438a. Kells. — It was a custom to plant rowan tree as well as elder, 

near the dwelling-house and byres, as a protection against witches. 

439. Corsoek . — ‘ Binnans,’ i.e., bindings for cattle, were formerly made 
of bent rods of wood. It was not uncommon to have some of them in each 
byre made of rowan wood as a safeguard against witches. 

440. Kirkmaiden. — In Claish Glen, near Portlogan, grow fairy trees, 
i.e.f blackthorn bushes, which no one will cut, and some will not even 
touch them. 

441. A blackthorn bush growing in a field is sometimes called a 
‘ fairy thorn.’ It is not removed, though it stands in the way. 

442. Dundrennan. — Many haws 

Many snaws. 

Haws are in most abundant profusion this season, and my informant 
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has often heard the saw repeated within the last months (September 
1896). 

443. Kells, — A puppy poisoned by eating a skin that was being pre- 
pared with arsenical ointment, salt dissolved in warm water was at once 
poured over its throat. A decoction of ash leaves boiled in milk was 
afterwards administered. The dog recovered. (Told by the gamekeeper 
•who did so. Cf. Ko. 421.) 

Diseases. 

If 'hooping-copgh. 

444. Kirk]mt7'ick, Durham, — My informant has talked with a woman 
whose maiden name was the same as that of her husband^s, who used to 
give a ‘ piece ’ to children labouring under whooping-cough that were 
brought to her for cure. 

445. Kells, — My informant has seen children labouring under whooping- 
cough brought to receive a ‘ piece ’ from his wife, whose maiden name was 
the same as his own. When the child was una})le to eat the whole of the 
* piece ’ that had been given, the remainder was carefully wrapped in the 
child’s pinafore and taken home. 

446. Rerrick. — A cure for whooping-cough is to put the patient 
through under the belly of an ass. 

447. Corsock. — It was a custom to take children having whooping- 
cough away in carts four or live miles to the hills, to cure them of the 
disease. 

Jf'arfs. 

448. Corsock. — Put ivy leaves steeped in vinegar over warts as a cure. 
My informant has tried this cure. 

449. A cure for warts is to rub them with green bean-leaves. My 
informant has done this. 

450. The juice of Dandelion {Leontodon tay'axacum) is used as a cure 
for warts. 

451. Swine’s blood rubbed over warts dispels them. 

452- Kells . — Take a potato, make a hole in it, fill the hole Avith salt, 
and allow it to melt. Rub the warts with the lotion. 

453. Crossmichael. — Take a pebble for each wart, roll them in a piece 
of paper, and lay the parcel on a public road. Whoever picks up the 
parcels gets the warts. 

JVhitloic. 

454. Corsock. — Kill a fowl, rip it up, and tie it round the affected 
finger or thumb. 

The Mumps, 

455. Corsock. — The Mumps (?) is called ‘Branks.’ The mode of cure 
is to put a horse’s branks over the patient’s head and le.ad him or her to 
w^ater as one does a horse. 


,Jaimdice, 

456. Balmaghie . — Strip off the inner bark or fell from the wych elm, 
boil it, and drink the juice. There is one of these trees about a Quarter 
of a mile from Laurieston. It is quite a practice for folks to come to it 
for a few branches to get the bark. Sometimes they come from a distance, 
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as it is the only tree of the kind in the district. Tt has been cut down 
oftener than oncp, but new shoots have sprung up. 

The Hair. 

457. PoTtlogan. — If one’s hair when cut is burned, it will make him 
‘ that cross that there is nae leevan in the hoose wi’ ’im.’ 

4.58. When one’s hair is cut, it is carefully gathered up, twisted 
together, and pushed into the thatch of the dwelling-house. 

459 Kirkinaidfni . — When one’s hair is cut, it is gathered up, put into 
a hole of a dyke, so that the birds may not get it. 

460. I'ortloga'n. If birds get one’s hair and build their nests with it, 
the late owner of it will have headache as long as the female bird remains- 
‘ clocking.’ 

Birth. 

461. Kirkmaiden , — The Bible was put below the pillow of a woman, 
in travail. (Informant eighty-one years of age.) 

462. Minnigaff . — After the birth of a baby there is a feast called 
‘ The Blythe Meat.’ A kebback always foiins part of the good things. 
The father cut a big piece ofi’ it, put it on a plate along with a knife, and 
handed it to the mother in bed. >She cut the cheese into small pieces and 
gave each of the guests a piece. 

463. Kirkmaido'n . — At ‘ The Blythe !Meat ’ there is always a kebback 
or cheese, called ‘ the cryin-out cheese.’ The father always cuts it. The 
first piece cut was always given to the nurse. It was larger than the 
pieces given to the others present at the feast. (Informant eighty-one 
years of age.) 

464. Kirkmaidni . — It was the custom for the mother to fetch water 
from the well for the first time after h('.r confinement in a very small vessel, 
most commonly in her thindde. This was done to keep the baby fromi 
‘.sliveran.’ My informant ((‘ighty-one years of age) was told to do this. 

465. Kirkinnidm . — Tt is unlucky to put the first-born child into a new 
cradle. (Informant eighty-one years of age.) 

466. A cradle, Avhen taken into a house, is not taken in empty.. 
(Informa] it eighty-one years of age.) 

167. Bahnaghic. — A cradle is always taken into a house with its fooD 
foremest. 

468. When a cradle is borrowed, something is always put into it. 

469. Kirkindiden . — The cradle is rocked across the lloor with its head? 
towards the door. (Informant eighty-one years of age.) 

170. Laurif'ston . — The cradle is always placed across the floor. 

471. KlrktnaUh’n . — A Bible was usually put into the cradle till the 
child was bajitizcd. 

472. Dairy. — Sometimes a piece of bread and cheese is tied under the 
baby’s dress when about to be baptized. After baptism the bread and 
cheese are given to the unmarried present at the baptism, who put them* 
under their pillows to ‘ dream on.’ 

473. Kirkmaiden , — On the occasion of a baptism, when the minister 
left the house, sometimes an elderly woman would sprinkle part of the 
baptismal water over the other children of the family, and ask God te 
bless them. This custom is sometimes followed at the present time. 

474. Kirkmaidc}i . — The one that .saw a baby’s first tooth had to make 
the present of a dress. (Informant eighty-one years of age.) 
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Marriage Divination. 

475. Kirkmaiden (1). — Two stalks of a plant beginning to flower, 
but without bloom, are taken, one to represent the ‘ lad ’ and the other 
the ‘ lass,^ and laid beside each other under a stone. Next morning the 
diviner makes an examination of the stalks. If both stalks are in bloom, 
the love will be mutual ; but if only one is in bloom, all the love is on the 
side of the one whose stalk is in bloom. 

476. (2) The first egg of a ‘ yearack,’ i.e., a hen that begins to lay the 
year slie is hatched, is taken and broken, and the white of it is dropped 
into a glass filled with water. From the forms made by the white of the 
egg in the water omens of coming events are drawn. 

477. (3) Take a snail on the morning of May Day and shut it up in 
any kind of dish. Omens are drawn from the figures made by the slime. 
The diviners tried to detect the form of letters in the slime marks. 

478. Fortlogan (4). — Tlie young woman that divines takes a mirror 
and stands with her back to the moon, and holds up the mirror to the 
moon so as to let the moon strike on it. As many images of the moon as 
are reflected in it, so many years will pass before she is married. 

479. Minnigaff. — If a young unmarried woman eats on Hallowe’en a 
whole herring, i.e.y with scales, bones, entrails, and fins, without speaking 
a word, and then goes to bed also without speaking, she will see in a dream 
the man that is to be her husband. My informant has known of this 
being done. 

480. If an unmarried woman on Hallowe’en goes through the 
barn, entering by the one door and going out by the other, with a 
stocking on the wires, she will ‘ meet her fate,’ i.e.y she will meet her future 
husband. My informant knew a young woman who did so. Her master 
met her. The young woman thought some one had sent him. She went 
to the dwelling-house and told her mistress, who was lying very ill. All 
tliat the mistress said was : ‘Mary, be kind to my wee ones.’ She died 
next day. In course of time Mary was married to her master. 

481. Ayrshire . — The first time a young woman sees the now moon 
she takes her garter and begins to cast knots on it, and without stopping 
to keep in mind the number of them, she repeats this formula 

This knot I knit 

To see the thing I ne'er saw yet, 

To see my love in his array 
As he walketh every day. 

If that lie appears in green. 

Better his face 1 ne’er had seen ; 

If that he appears in blue, 

His love is ever true. 

4f at the end of repeating the formula nine knots have been cast, the 
wooing will end in wedlock 3 but if not, the wooing will end in failure. 

482. Balmaghie. — If an unmarried man or woman is asked to take 
the last piece of food on the dish, it is an indication of getting a handsome 
wife or husband. 

483. It is accounted unlucky to hear one’s own proclamation of 
banns of marriage made in church. 

484. Mochrum. — It is unlucky to have the bridal jdress fitted on. 
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485. Dairy. — It is not lucky for a bride to put on the bridal dress 
before the marriage day. 

486. Mochrum. — A bride ought on no account to look in a looking- 
glass after being dressed. 

487. Dairy. — If the bridegroom enters the marriage-house before the 
minister, the married pair will not liv e together. 

488. Klrhraaiden^ Mochrum. — The minister must always be in the 
bridal house before the bridegroom enters. If this is not the case the 
bridegroom and his party wait till the minister enters. I have seen this. 

489. Mochrum. — It is considered unlucky if the minister shakes hands 
f^ith tlio bride or bridegro6m before they are joined in marriage. 

490. A mother should not see her daughter married. 

491. It is accounted unlucky if the bride-cake is broken or chipped. 

492. It is unlucky to be married to a bride who is with child at the 
time of marriage. 

493. Laurieston. — It is accounted unlucky for a marriage party to 
meet a funeral. A farmer with his party was driving to be married. 
A funeral was .seen approaching along a road that joined the road 
leading to the church and churchyard. The marriage party drove (juite 
quickly so as to get in front of the funeral procession, but did not 
make out to do so. The bridegroom took the matter much to heart. 
After marriage, things did not go well on the farm. This misfortune, as 
well as every mishap that befell, was attributed to the funeral cortege 
meeting the marriage party. The fanner brooded so much on the 
matter, and spoke so constantly on it, that his wife’s life was made 
miserable. My informant knew the farmer. 

494. Rerrich. --It is accounted unlucky for the bride and biidegroom 
to meet during the time between the proclamation of banns and the 
meeting before the minister to be joined in marriage. In the parish of 
Jh‘rrick; a marriage took place between a pair that lived in the same house. 
On the afternoon of the Sunday on which the pi'oclamation of banns 
v.is made, the bride and bridegroom took a walk together along the 
sea-shore. This act excited no small attention, and called forth many 
remarks about how improper it was to do such a thing. 

495. CrossmichaeJ. — It is unlucky to finish a bridal dross and then 
put it on to sec how it fits or looks. Some little bit, such as sewing on a 
lujok or button, is left unfinished. After trying on the dress it is finished. 
This was done in the case of my informant’s daughter on the occasion of 
lier marriage in August 1896. 

496. It is considered lucky if the dressmaker accidentally let slip 
from her hand the bridal dress she is making. My informant’s 
daughter was married in August 1896, when the dressmaker who liv’ed 
i]i the house of the bride’s father to prepare the bride’s outfit told tins 
^ fret.’ 


Marriage Customs, 

497. Kirhnaidcn . — In the days when hand-spinning was part of the 
employment of the women of the household, the young women spun the 
thread and yarn for their own sheets and blankets. 

498. The bride’s mother sometimes went to invite her guests to the 
marriage. The bridegroom invited his own guests. 

499. Minnigaff . — At the feet-washing, the feet, both of the bride 
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and bridegroom, were put into the bine [hooped tub {cf, bin)] at once. 
The water was mixed with cinders and soot. 

500. Mochriim^ Dairy. — A bride must always wear sometliing 
borrowed. 

501. Kirkmaiden. — An oatmeal cake used to be thrown at the bride^s 
head as she was entering her future home. It was accounted lucky if it 
struck her and broke. 

502. Dairy. — My informant has seen a farle of oatmeal cake broken 
on the bride’s head as she entered the door of her own house. 

503. Ayrshire. — When the bride came to the door of her new home, 
an oatmeal cake was thrown over her head. It was accounted lucky if it 
broke in falling, or when it fell on the ground. 

504. Crossmichael^ Kirkmaiden. — The bridegroom’s mother, if alive, 
often was the one to give the bride the welcome to her own house. 

505. Laurieston. — In villages, as the bridal procession is passing, the 
children have a custom of calling out ‘ Ba 1 Ba ! ’ Coppers are thrown 
among them. When the bridegroom’s party is approaching, the bride’s 
party at times rushes out and meets it. Both parties meet each other with 
much shouting. 

506. Balmaclellan. — It was not long ago the custom, when the bride- 
groom’s party was \vithin a mile or so of the abode of the bride, fora few of 
the young men to set out to ‘ run the broose.’ The bride gave a silk 
handkerchief to the one that reached the house first, and so ‘ won the 
broose.’ 

507. Laurieston. — The mother is never present at the marriage of 
any of her children. 

b07a. Crossmichael. — The minister commonly cuts the bride-cake. In 
doing so he hands the ‘ toorack ’ — ^.c., the top, to the bride. The part below 
is given to the bridegroom, and the remainder is cut up for the guests. 
This custom was followed at the marriage of my informant’s daughter in 
August 189G. 

508. The door is thrown wide open when the bride is entering her 
new home. 

509. Old folks have told my informant that it was at one time the 
custom, when the bride presented herself at the door of her future home, 
for one to take a besom and to sweep the lloor of the apartment ; the bride 
entered towards the sweeper (?), all the time repeating the words — 

‘ Soop the hoose till the bride conies in,’ 
till the bride reached the hearth. 

510. Balmaclellan. — Sometimes it was an aged woman who welcomed 
the bride to her own home. She broke bread over her head. This bread 
was taken by the unmarried folks and placed below their pillows ‘ to 
dream on.’ 

511. Crossmichael. — When the bride entered her own house it was the 
custom at times to go right up to +he hearth and touch the ‘ crook.’ 


Death Ome.'ns. 

512. Corsock, Borgue . — A dog howling at niglit is a portent of death. 

513. Kirkmaiden . — Some years ago one of the gamekeepers at Logan 
House took ill, lingered for some time, and died. For a good many days 
before his death the dogs kept up a great howling, generally in the gloam- 
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ing. A day or two before the death took place, one dog in particular 
gave way to extraordinary howling. It all ceased after the death. 

514. Bahnaghie, — Chairs cracking in a house is a portent of death in 
the family. 

515. Dairy. — Doctor Trottar was one day called to visit a patient. 
When setting out, the horse stumbled and fell. Those who saw wliat 
took place said the patient would die. The patient died. (Told by his 
daughter. ) 

516. Kirkmaiden. — My informant’s grandfather, a carpenter, said he 
always heard the noise of a saw during the night before he got the order 
to make a cofi&n. 

517. My informant’s father, a carpenter, said he always heard one 
knock on the end of his own bedstead Ijefore he got an order to make a 
coffin. 

518. Kells. — If one dies, and lies unburied over Sunday in a parish, 
another will die within the week. 

519. Rerrick. — A dog howling at night is an omen of death. A young 
woman at a farm in Rerrick was seized witli inflammation of the lungs. 
After she fell ill, the dog began to howl, and no means could be found to 
stop the animal while she was lying ill. She died, and after the death the 
dog ceased his howling. 

520. My informant at Burnfoot was one afternoon entertaining a 
friend or two at tea. As they were making ready to leave three extra- 
ordinary knocks were heard in a room on the other side of the lobby. The 
guests and she immediately went into the room to try to find out the 
cause of the knocks. One of the guests searched all round and under the 
table from which tlie knocks seemed to proceed. Nothing could be seen. 
A post or two after brought intelligence of the death of a very intimate 
friend, who had died about the time the knocks had been heard. 

521. A man named James Whyte died at Burnfoot. On his death his 
son went to the house of my informant’s father, tapped on the window, 
and said his father had just died. Immediately before the news of the 
death was given, a very loud crash, as if something had fallen and been 
smashed to pieces, was heard in one of the rooms. 

522. My informant’s grandmother told her that when a child of hers, 
twenty-one months, was lying ill in the cradle, a most sweet sound w.as 
heard to begin near the door of the apartment in wliich the cradle stood, 
and move round the apartment, past the fireplace, to the cradle, where it 
stopped. When the mother looked into the cradle, the child was dead. 

523. Bahnaclellan. — When one of the ministers of Balmaclellan was 
lying very ill and low, his niece was one night watching him. All at once 
the sweetest music she had ever heard began. Her uncle heard it too, 
and said : ‘ That’s a call for me. I will not be long here.’ He died not 
long after. (Told by the minister’s niece to my informant.) 

524. Laurieston. — If a dead body lies unburied over Sunday, there will 
be ‘ other tway deaths within the week,’ or if not within the week within 
a short time. 


Death Customs. 

525. Kirkmaiden . — All the doors and windows of tlie house in which 
one lay dying used to bo thrown open. My informant has seen her sister 
do so. 

1897. I I 
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526. rortlogan. — When one was dying, it was the custom to keep the 
door of the house wide open. 

527. Kirhnaiden. — It is the custom to stop the clock when one dies. 
My informant has seen this done within three years. 

628. When the eyes of a dead person do not close, penny pieces are put 
over them. 

529. Balmaghie, — To ‘ straucht a corpse ’ is to lay out a dead body. 

530. Kirhnaiden. — The dead body always lies on the bed on which 
the death takes place, till it is dressed and put into the coffin. 

531. It was not an unusual thing for a woman to spin the thread of 
her own grave-clothes. 

532. My informant, a carpenter, is in the habit of washing his hands 
after putting the dead body into the coffin. It was at one time the usual 
custom to do so. 

533. A plate containing a little salt was till lately placed on the 
breast of the dead body. 

534. The dead body, except for some special reason, is usually kept 
unburied for five or six days. 

535. Till about twenty years ago it was the usual custom that a few 
neighbours, both men and women, met at the house of death about 10 
o’clock at night. Refreshments were usually served as they arrived, and 
when they left in the morning. For these refreshments some brewed their 
own beer. A good deal of time was spent in reading the Bible, in singing 
psalms,. with prayer occasionally. 

536. BahnagUie. — One ought never to refuse to ‘see a boddie’s dead^ 
when asked to look on a dead body. 

537. Mochruin . — Invitations to a funeral used to be given till within 

a few years ago by a messenger. A common form of invitation was : — 
‘ Your company is requested to the funeral of at 

o’clock. 

538. Kirkmaideti. — The messenger that called the peopl(3 to a funeral 
almost never entered the house of those invited, but stood outside the 
door and gave the message. If he did enter the house, he did not sit 
down. On finishing his round, he returned to the house of death. 

539. Refreshments till within a few years ago were given to those 
that attended a funeral. In the case of a farmer or any of his family the 
guests assembled in the barn. Men were appointed to hand round the 
refreshments, and they were called ‘service men.’ There are generally 
four or five, and at times as many as six ‘ services.’ Commonly a ‘ service 
man ’ stood at the door and proffered a glass of whisky to each one on his 
arrival. When all were assembled, the ‘ service men ’ began their work. 
First came a ‘ service ’ of whisky with bread and cheese — ‘ funeral bread,’ 
i.e., oaten cakes baked for the funeral. The second consisted of sherry 
and port wine with short-bread, or small ‘ bakes,’ i.e.^ biscuits, or ‘ dollar 
biscuits.’ The third might be of rum or brandy, and the fourth of gin, or 
whisky, or beer. 

When the custom fell into disuse, many of the old-fashioned folk 
expressed their displeasure, and said that ‘ a beerial was na worth 
going to.’ 

540. Mochrum. — At a funeral sometimes whisky and a bake were given 
at the church door. 

541. Kirkmaiden. — After the funeral, some of the relatives, a few 
friends and near neighbours, with the one that had invited the people to 
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the funeral, return to the house of the departed and partake of a meal, 
commonly ‘ high tea.’ The joiner who makes the coffin commonly gets a 
list of those that are wished to be so entertained. 

542. Kirkruaidc'iij Miunlyaff . — It was till not long ago a custom to 
cut off a piece of the grave-clothes immediately before the coffin was closed, 
and to preserve it. 

543. Kirkiaaiden. — The coffin is taken out by the door and not by a 
window, except in rare cases when it cannot be taken through the door- 
way. The body must be taken out by tlie door the deceased came in. 

544. Bahuayhie. ~ A.t a funeral the women of the house never go out- 
side, but shut themselves up. 

545. Kirkmaiden . — The coffin is usually carried to the graveyard. To 
take the coffin to the graveyard in a cart, which is sometimes done, is 
accounted a less honourable mode of burial than to be carried. 

54G. Fifty years ago there was vmy little conversation carried on by 
those that formed the funeral procession ; and if any was carried on, it was 
in subdued tones. It is quite different nowadays. There is conversa- 
tion, and it runs on all kinds of subjects. 

547. Mochmia.- -Ivi. tolling the church-bell at a funeral, three tolls in 
succession are given, and then an interval. 

548. My informant, a gravedigger, has sometimes seen each of the 
relatives of the deceased throw a handful of mould on the coffin after it was 
lowered into the grave. 

549. Kirkmaiden. — A man of somewhat bad character died at Logan. 
When the coffin was being carried to the grave many extraordinary diffi- 
culties came in the way. At last one old man called out, ‘ In (lod’s name, 
lay ’im doon, an’ lat the deil tack ’im.’ 

550. Crofismiehael . — When one dies the room is darkened. 

551. When one dies the clock is stopped. My infoimant has heard 
the order given ‘ Stop the clock.’ 

552. On the occasion of a death it is the custom to burn the chaff of 
the bed and the bed-straw, 

553. BahnacIcUan . — Between forty and fifty years ago, Fanny Ireland 
or Macmillan, an old woman that lived in Balmaclellan, fed ill. The aunt 
of my informant’s wife went to ask how she was. She found she had not 
long to live. She stayed a long time. When she returned homo, her 
mother asked her why she had stayed so long. She said she had been 
helping to carry the dying woman ‘ weathershins ’ round her house, and 
‘ was jist worn oot ’ doing so. The women had taken the dying woman 
from bed and carried her ‘ weathershins ’ round the house ‘ to keep awa’ 
evil spirits.’ 

554. Unbaptized children used to be buried under the wall 
of the graveyard or of the church. My informant has done this. 

555. The church bell was rung at the funerals of children that had 
been baptized, but not at those that had not been baptized. 

556. Kirkmaiden. — Still-born as well as unbaptized children are, or 
wore till lately, buried in the gloaming and under the walls of the church 
] t is unlucky to step over the graves of such. 

Suicides. 

557. Corsock. — The ridge of the Lowther or Lead Hills, along which 
runs the boundary between the counties of Lanark and Dumfries, was 

I I 2 
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a common place where the bodies of suicides were buried. (Told in 
Corsock.) 

558. Kirkpatrick- Durha7n. — A woman in this parish, not very many 
years ago, committed suicide. Her body was buried in the churchyard. 
During the night after the funeral, the coffin was dug up and placed 
outside, against the door of the house in which she had lived. The sheriff 
made his appearance to settle the matter. The coffin was interred outside 
the churchyard wall, near the gate, just off the public road. 

559. Kirkmaiden. — The body of a suicide was buried close under the 
wall of the churchyard, outside. Sometimes the wall was taken down to 
allow the coffin to be placed below the wall. When the grave was filled, 
the wall was rebuilt. 

560. Mochrum, — If there was a tree in the churchyard, the body of a 
suicide was buried under it. 

561. Dairy, — A suicide at Knockma?! was being carried to the grave- 
yard at Dairy. After the procession had gone about a mile, a crow 
alighted on the coffin. Those that were carrying the coffin set out to run 
as fast as they could. They could neither stop nor let go their hold of the 
bier and give it to others. The race continued as long as the crow sat on 
the coffin. At the village of Dairy the crow flew off, and the procession 
went on at leisure to the churchyard. This took place about a hundred 
years ago. 

562. Kirkmaiden, — In one case the mother of a suicide went to 
America. The body of her son had been, according to custom, buried 
outside tho wall of the churchyard. The churchyard was afterwards 
enlarged, and the suicide’s grave came within the walls. The mother 
came to know the fact, and in writing home to a friend said how thankful 
she was that her son’s grave was now within the walls of the churchyard. 

The Drowned, 

563. Balmaghie. — It is accounted unlucky for the one that is the first 
to touch the body of one that has been drowned or has perished. 

564. Dairy. — After a time a light appears over the spot where the 
body of one that has been drowned lies. 

565. Balmaghie. — A blue light appears over the spot where the body 
of one that has been drowned lies on the ninth day after death, when the 
gall-bladder breaks. 

566. Kirkmaiden. — The one that saves another from drowning runs 
the risk of being drowned. 

567. Newton Stewart. — My informant, an ex-policeman, in his investi- 
gation into a case of drowning in the river Cree, heard old people say, 

< She has not got her complement yet.’ 

568. My informant, an ex-policeman, saw in 1889 a loaf hollowed out 
and a little mercury put into the hole. The loaf was then laid into the 
river Cree, at the point where the young man that had been drowned fell 
into the water, and allowed to float down. 

Other Superstitions relating to Death. 

569. Kirkmaiden. — A grave is not opened till seven years after the 
last interment. 

570. Derrick. — It is believed that if the windows of the room in which 
a dead body lies are opened, the decay of the body is hastened. 
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571. Bahnaghie . — It is accounted unlucky to meet a funeral. 

572. It is looked on as unlucky to stand on the threshold and look on 
a passing funeral. 

57 3. Kirhnaiden , — When the master of the house dies, if bees are kept, 
they die or leave. My informant said he knew of such cases in the parish. 

Forming Customs, 

Sowing. 

574. Kirkmaiden . — When once the bags containing the seed-grain are 
taken to the held to be sown, if rain come so as to prevent the sowing 
from being carried out, they are not lifted from the held and carted back 
to the barn, but left till the weather permits the seed to be sown. 

575. The grain used to be sown from a sheet knotted up and hung 
from the neck. This sheet had always to be taken clean out of the fold 
for the grain that was first sown. 

576. If the knot by which the sheet from which the seed-grain was 
sown was tied undid itself, the sower would not live to sow another spring. 
W. Morrison, farmer in East Muntlock, was sowing one spring when the 
knot of the sheet unloosed itself. He (lied before the next spring. 

Reaping, 

577. Galloway (general). — Reaping was at one time done by the 
hook. 

578. Rerrick . — The reaper on the first ‘rig,’ who was always supposed 
to be the best workman, was called ‘The Pintsraan’ (pointsman), and the 
one on the last ‘ rig ’ ‘ The Heel.’ There was a binder and stooker to 
eacli four ‘ shearers.’ Breakfast was between five and six o’clock in the 
morning, and consisted of oatmeal porridge and milk. The porridge was 
always made the night before in a big boiler, and poured into small 
wooden tubs called ‘ gones.’ These ‘ gones ’ were then covered up with 
the grain sack, to keep the porridge warm. The steam got condensed, and 
fell down all round the inside of the ‘ gones,’ making the outside of the 
porridge cold and unpalatable ; so that, as my informant said, ‘We suppit 
as fast as we cud, till we got to quhaur they were warm.’ For sixteen 
reapers and four binders there might be three of tliese ‘ gones.’ They were 
placed along a big table. A basin to hold milk was placed for each two, 
and not one basin for each. 

Instead of milk what is called ‘crap’ was sometimes used. This 
‘ cra]^ ’ is boiled whey. When curd for making cheese is separated from 
the whey, small lumps of curds are left in the whey. When all the curd 
that can be got is separated from the whey, the whey is boiled. This 
boiling causes all tlie small particles of curd to coagulate still further, and 
then to float. When the whey cools, they sink to the bottom. 

Dinner, whicli consisted of broth made of swine-flesh along with 
potatoes, was served at noon. Work was resumed almost as soon as 
dinner was finished, and was carried on without stop till 8 or 8.15, if 
daylight permitted. Supper consisted of porridge and milk, the same as 
breakfast. This was the course followed about fifty years ago on the 
farm of Baligue, parish of Rerrick. (Told by one that did harvest work 
on the farm for one harvest.) 

579. Balmaghie. — The ‘pint’ (point) rig was shorn by the ‘first man 
in the kitchen, and the second rig by the byre- woman. 
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580. Kirhmaiden. — The one that cut ‘ the Hare ’ at times got five 
shillings. 

581. Whisky was given to all the workers when ‘ the Hare ’ was cut. 

582. ‘ The Hare ’ was commonly placed over the kitchen door. 

583. ‘ The Hare ’ was often kept over the ‘ door-head ' till the following 
harvest. (Informant eighty-one years of age.) 

584. Portlogan. — ‘ The Hare’ was kept by some as long as it would 
hang together. 

585. Kirkmaiden . — When * the Hare ’ was cut, no more work was done 
that day. 

586. About forty years ago, some had the custom of hanging up ‘ the 
Maiden ’ in the best room of the house. 

587. Balmaghie^ Girthoii^ Kdls^ Dairy ^ Corsock. — ‘ The Hare’ is called 
‘ the Kirn.’ 

588. Balmaghie. — ‘ The Kirn ’ was placed over the kitchen door, and 
the Christian name of the first man that entered would be the name of 
the husband of the by re- woman, and the Christian name of the first woman 
that entered would be that of the wife of the ‘ pint rig man.’ 

589. Dairy, — A fancy ‘ Kirn ’ was made, docked up, fixed to the 
wall of one of the apartments, and kept till the following year. 

590. Kells, — In cutting the ‘ Kirn,’ it was the aim of the reapers to 
cut it below the plaiting of the ears of grain. The one that cut it carried 
it homo. 

501. Corsock, — When scythes came into use, the ‘Kirn ’was cut by 
the reaper blindfolded. The quantity of grain left for it was divided into 
three, plaited, and the ears twisted together. The one that was to cut it 
was blindfolded, and led to a distance from it. He then set out to find 
it and cut it. 

592. Laurieston. — A small quantity of grain was left for the ‘ Kirn.’ 
Each reaper got a chance of cutting it. Blindfolded, he or she was led 
some distance from it, and then sickle in hand proceeded to find it out 
and cut it. When it was cut, a cheer was commonly raised. It was carried 
home. 

593. Kirkmaiden^ Balmaghie, Kells, Kirkmaiden. — There is a feast after 
harvest, which is called ‘ the Kirn.’ 

594. Balmagliie, Kirkmaiden . — ‘The Kirn’ is sometimes given after 
all the crop has been secured in the stackyard. 

595. Kirkmaiden. — ‘ The Kirn ’ is at times given when the crop is 
all cut. 

596. Laurieston. — The sheaf last cut was finely plaited and twisted. 
A branch of rowan tree with the berries was generally tied into the 
middle of it as a protection against witches. This was laid on the table 
at the ‘ Kirn ’ feast. After the feast was finished, dancing was begun 
either in the barn or granary. 

597. Kirkmaiden. — A dish at the ‘Kirn’ feast is ‘beetlet praties’ 
(mashed potatoes), which are always stirred in the form of the figure 8 in 
being made ready. Into this dish were put a ring, a thimble, and a button. 
The ring signified marriage. The one that got the ring ‘ slept on it ’ that 
night. 

598. Corsock. — Dirty water of various kinds used to be thrown over 
the one that brought the last load of grain from the field into the stack- 
yard. This custom at times led to rough action in retaliation against 
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the one that threw the water. My informants have seen this custom 
carried out. 

599. Kirkmaiden. — Women and boys were always lurking about 
corners with pails of water to throw over the one that brought from the 
field the last load of grain into the stackyard. 

600. If whisky had not been given to the reapers when ‘ the Hare ’ was 
cut, the one that took the last load of grain into the stackyard objected to 
the throwing of water on entering it. 

Fishin(j and Bathing , 

601. Kirhnaidcn. — Fishermen in turning their boats always do so 
sunwise. 

602. Fishermen account it unlucky to take a lythe (a species of cod) 
for the first fish into the boat. 

603. Fishermen put a few white stones into their boats to secure luck. 

604 Mochrxun, — Bathing in the sea is done when the tide is ebbing. 

It is believed that, if there is any disease, the rising tide brings it in, and 
one bathing at that time may catch it. 

Lead-minerd Customs and Superstitions at Minnigaff. 

Omens. 

605. Minors count it unlucky to meet a woman as * first fit ^ when 
they set out to work in the mine. 

606. Meeting one with black hair, whether man or woman, is accounted 
lucky. 

607. Before an accident took place, noises of various kinds were heard. 
Sometimes the noises resembled the voices of men speaking, sometimes like 
the sound of the min(;rs ‘ tra veilin’ the laither,’ i c., going up and down the 
ladder, and sometimes knocks were heard on the ‘lock.’ 

608. Certain among the miners were looked upon as candying ill-luck 
with them. If such a one, when a lode of lead was found, made his 
appearance in the section, the lode gave out in a short time. 

609. There was no whistling in the mine. J. Moffat, a miner, whistled 
one day. Not long after a stone fell on him and killed him. 

610. It was believed that no metal would be got if there was any 
profane swearing. An oath or profane word of any kind was therefore 
seldom heard in the mine. 

611. It was usual for the miners to sing to bring luck. They sang 
cither songs, hymns, or psalms. 

612. Some men were accounted more lucky than others in finding 
metal. 

613. Some men would not work for months near a spot where one 
iiad been killed. 


Customs. 

614. In sinking a shaft, when ore was struck, a barrel of beer was 
given by the mine-owners. It was drunk on the spot. 

615. Every time a ‘bunch ’of ore was come upon, a barrel of beer 
was consumed. 

616. The mine was divided into sections, and these were divided by 
lot among the different companies that wrought in the mine. At the 
head of each company was a foreman called the ‘ bargain- tacker.’ He 
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was responsible for the working of the section, and to him the wages of 
the company that wrought the section were paid in the gross. He paid 
each of his company his share. 

617. The first time the ‘ bargain-tacker ’ received his pay after receiv- 
ing a new section and after choosing his own company, he had to ‘ pay his 
fittan,’ t.e., treat the men of his company. 

618. When a young man of a company got married, the men of his 
company ‘ stood treat,’ and often made a present besides. 

619. When a miner was buried the working of the mine was generally 
stopped. The master and all the miners attended the funeral. 

620. There was a good deal of eating, and more drinking, at a miner’s 
funeral. Hence arose the saying : ‘ A Mines funeral is as guid’s a Mines 
waddin’.’ [‘ Mines ’ is the local name for Blackcraig Mines.] 

621. ‘ Short-bread ’ was commonly used as part of the entertainment 
at a miner’s funeral. It was commonly baked by neighbours and presented 
by them. 

622. Any frogs that might have been found in the mine were carefully 
tended. They were carried to a place of safety, and food was given them. 

Mining Terms. 

623. Back-end was the place where all the rubbish of the mine was- 
cast. 

Black Jack, sulphur. 

Gump o’ lead, a pocket of lead. 

Vogg-hole, a hole that is full of water. The lead hangs all round it 
‘ like paps.’ 

The lead mines are not now wrought. 

My informant was a miner from boyhood. 

Omens — Luck and Unluck. 

624. Dairy. — It is unlucky to put a pair of shoes on a table. 

625. It is unlucky to lay the tongs on a table. 

626. Mochrum. — It is unlucky to break a looking-glass. 

627. It is unlucky if a looking-glass falls and is broken. 

628. Kirkmaiden. — It is unlucky to give fire out of the house. 

629. Dairy. — It is unlucky to stumble when going upstairs. 

630. In going a journey on horseback, if the horse stumbles in start- 
ing, there will be no luck in the journey. 

631. In setting out on a journey, if the left foot is placed first, there 
will be luck. 

632. Sneezing in the afternoon is accounted unlucky. 

633. Babnayhie. - - To spill salt is unlucky. To do away with the un- 
luck, a little of the salt is thrown over the left shoulder. 

634. At the Communion in the Church of Balmaghie, one very wet 
Sunday an old man laid his dripping head on the Communion Table. He 
left the impress of his head on the white cloth. He died within the year. 
Leaving the impress was looked upon as very unlucky. 

635. Dairy. — Sneezing in the morning indicates luck. 

636. In setting out on a journey, if one puts the right foot first, luck 
attends the journey. 

637. If one puts on any piece of dress inside out, luck follows as long 
as the piece of dress is worn as put on. 



ON THE ETHNOGRAPHICAL SURVEY OF THE UNITED KINGDOM. 489 


638. Balmaghie. — If one puts on a piece of dress inside out, it must 
not be changed. Changing puts away the luck. 

639. Dairy . — If one sees a wraith in the morning, it indicates long life. 
It is not a good omen to see one at night. 

640. Galloway (general). — It is accounted lucky to have the toes 
webbed or partly webbed. 

641. Dairy. — Certain persons are considered as having a ‘lucky hand.' 

‘ You have the lucky hand,’ is the saying. 

642. A film of carbon hanging from a bar of the grate foretokens the 
arrival of a stranger. 

643. If the black films that appear on the bars of a grate fall off at 
once when blown, strangers will soon arrive. If they require two or three 
puffs, it will be two or three days before they make their appearance. 

644. If the youngest or the eldest of a family sneezes before breakfast,, 
a stranger will arrive during the course of the day. 

645. If the right hand becomes itchy, it is an indication that money 
will be received in no long time. If it is the left hand that itches, money 
will be paid away. 

646. If the left ear becomes hot, one is speaking evil of you ; if the 
right ear, good things are being said of you. 

647. Crossmichael. — If the ‘girdle,’ or a pot, or any cooking utensil 
that may be hung over the fire, slips in the ‘ crook,’ a stranger will arrive. 

Giants. 

648. Balmaghie. — At Barstolick there lived three giants that were th& 
terror of the whole neighbourhood, and no one was bold enough to meet 
and fight them. At last a man of the name of McGhee undertook to do 
battle against them. He fell upon them unawares at night, and succeeded 
in killing them. For this deed he got a grant of the lands of Waylard. 

649. A giant and his wife lived in a cave now called the Giant’s Cave 
at Aldequhat. One day the giant fell asleep in his cave whilst a big 
kettle of fish was cooking. A man that was fishing in the loch went into 
the cave, found the giant asleep and his wife away. He overturned the 
boiling kettle over the giant’s face, and blinded him. He jumped up in 
his pain and tried to catch the author of his misery. It was in vain. He 
could not see him. He asked his name in hopes that he might in after 
times have an opportunity of exacting justice from him. ‘ I mysel’ is my 
name,’ was the answer. After chasing the man to no purpose he roared : 

‘ A’ burnt, a’ burnt.’ The roar was heard by his wife, and she called 
back ; ‘ Quha did it ? Quha did it ? ’ He answered : ‘ I mysel’ did it.’ 
Her reply was : ‘ I thysel’ can blaw thysel’.’ The man, dreading the wife’s 
return, meantime made his escape from the cave with all speed, mounted 
his horse and fled, as the wife was coming to the cave. When she found 
out what had taken place, she set out in pursuit of the man that had done 
the evil deed. It was a hard race, but she overtook him. She seized th© 
horse by the tail. The man turned round in the saddle and struck out 
with his sword and cut off her arm, and so escaped. 

650. Dairy. — There was once a giant sived in Carsphairn. A family 
in the parish incurred his ill-will. He resolved to take his revenge. He 
went to the top of a hill called Dundeuch, seized a big rock, and threw it 
on the house in which the family lived. It fell on the house, crushed it, 
and killed all in it. The stone has been taken and made into gateposts. 
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The Devil. 

651. Kells. — There was a large rock near the Old Bridge over the Ken, 
between Carsphairn and Dairy. The devil, looking from a hill called 
Dundeuch at some distance from the river, resolved to destroy the bridge. 
He seized a huge rock, but fearing that he might overshoot the bridge if he 
threw it with the force of his whole hand, poised it on his little finger 
and threw it. He misjudged the weight of it, and it fell short. The rock 
has been very much broken up for building purposes. It is known as 
‘ The Deil’s Finger-stane.’ 

653. Dairy. — A funeral was proceeding to the churchyard of Dairy 
along the road between Dairy and Moniave. When the procession reached 
a certain ‘straun,’ i.e., stream, a stranger joined. No sooner had he done 
so than the corthje ‘ set up speed ^ and ran with great haste to the 
churchyard. The stranger disappeared suddenly, no one knew where. 
He was the devil. The deceased had made a compact with the devil and 
sold himself to him, and was to be claimed at the spot the stranger joined 
the funeral procession. He came to the appointed spot to ‘claim his 
own.^ When he got his own he disappeared. Hence the stream got the 
name of the Bargain Straun. (Told in Corsock.) 

653. Kirkcowan. — The farmer of Balaird, part of which lies on the 
river Bladenoch in the parish of Kirkcowan, had a field of hay on 
the banks of the ‘burn.’ He and his servants were busy amongst it 
when a violent torrent of rain fell, and the burn came down suddenly 
in great flood, so that it overflowed its banks, and was sweeping away 
quantities of the liay. Seeing the crop floating away in spite of all their 
exertions to secure it, the farmer lost all control of himself, and gathering 
together the forks and rakes, &c., they were using, threw them into the 
rushing water, and cried out : ‘ B’ the Lord ! if ye (the devil) tack 
the hey, tack a’ wi’ you.’ 

654. Girthon. — The farmer of Culreoch, which lies on the banks of the 
river Fleet in the parish of Girthon, was a ‘ twisty aul’ carle.’ One very 
windy day he was carrying a bundle of fodder to give to some of his 
cattle. He had to go round a corner particularly exposed to the force of 
the storm. The wind caught the bundle of fodder as he tried to round the 
corner, and he was driven back oftener than once. At last he planted 
down his foot with force, bent his body against the storm, and burst out ; 
‘ Na, nor yet yir fayther aither.’ 

Brownie. 

655. Borgue. — The Brownie is looked upon as a helpful being. Food 
used to be set in convenient places for the brownies to eat during night. 

656. Dairy . — At Borgue the aunt of my informant’s father used to 
Jay out food for the brownies during night. For this kindly act they did 
all sorts of heavy work, as threshing. 

657. Brownies did during the night the work of those that treated 
them kindly. At Bogue, in the parish of Dairy, there is a well called 
Kitty Ramsay’s Well. Beside this well those who wished to have their 
services placed food for them. They ate the food, drank the water of the 
well, and did the work of their benefactors. 

Fairies. 

658. Kirkmaiden. — Some were in the habit of placing a basin of 
meal or a bowl of water on the dresser for the use of the fairies during 
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night. This act of kindness kept them on good terms with the household 
and from interfering with the cows. 

659. Dairy. — On Halloweven the fairies rode on cats at the Holme 
Glen, Dairy. On that night considerate housekeepers shut up their cats, 
to prevent them from being laid hold of by the fairies. 

660. Kirkcotoan. — A man had a cow and a goat which he pastured in 
Ills little held. In this field was a knoll, and it was the abode of some 
fairies. They took to riding on the goat round and round the knoll. The 
man was at last under the necessity of selling the goat, so fond had the 
fairies become of riding the animal. He bought another and placed it on 
the field in the thought that it would be free from the attention of the 
fairies. Borne time after his wife asked to go and see how the new goat 
was faring. He saw the fairies riding ‘ time aboot ’ round the knoll on 
the goat's back. (Thirty two years ago.) 

661. Dairy. — About seventy-five years ago there lived a woman at 
the Brough, in the parish of Kells, in an old house about a mile from New 
Galloway. In front of the house door there was a slab over the drain 
that carried oflf the house dirty water. One day a fairy woman, dressed 
in green, appeared to her and asked her to throw her slops not on the 
slab but a little further ofl*. She made a promise to her that if she did 
so, she would never come to want. The woman did so. Some time after 
she fell ill. Every morning a quantity of new pins was found on a small 
table that stood bcKside the patient's bed. The pins were sold, and the price 
of them was sufficient for the support of tlie woman. Dr. Trottar of 
Dairy came into possession of one of them. From that time forth money 
matters prospered with him. 

662. Kirkmaideii. My informant told me that he has heard of the 
site of a byre being shifted, because it had been built over fairy dwellings, 
and thus the water of the byre dropped down into it, and caused annoyance 
to its inmates. 

663. When the new house at Greenan was being founded, a woman 
appeared and asked the masons and others taking a hand in the Avork to 
change the site. She told them that the house on that site would be 
right over her dwelling, and in consequence much annoyance and incon- 
venience would be caused to lier and her household. 

664. My informant’s father used to say that he has heard the fairies 
singing in Glenlee. 

Witchcraft. 

665. Kirkpatrick- Durliau}. — An old woman used to say to my in- 
formant, when a boy, that the witches were all abroad on Halloweven, 
and that they would seize him if he went out of the house after dark. 

666. Eerrick. — Mrs. G of Dimdrennan Cottage, Herrick, had a 

garden and sold the potatoes reared in it. Mrs. W who was looked 

on as ‘ uncanny,’ wanted from her some of a particular kind as seed. She 
wont to the cottage to buy them. When she entered, the female servant 

was ‘ kirnin.’ She asked Mrs. G to sell her a stone of this particular 

kind of potatoes. Bhe was told she could not have them, as they were all 
sold. She appeared not to believe this, and as she was leaving the house 
she looked back at the ‘ kirn.’ No butter was got from that churnful. 

667. Cros.wiichael. — A witch that commonly went by the name of 
Nanny lived in Crossmichael parish. One day a neighbour’s cow fell ill 
and fell down. Nanny was known to have a grudge against the owner, 
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and was suspected as the cause of the illness. Several of the folk around 
assembled to give what help they could, and among them was Nanny. 
They tried to lift the animal, but were unable to do so. The minister 
made his appearance. When he saw how things stood, he said : ‘ Nanny, 
you an’ me ’ill try t’ lift her.’ Nanny made her excuse : ‘ Hoot awa’, hoo 
cudd an aul’ boddie like me help t’ lift her?’ ‘ We’ll try ’t,’ said the 
minister. Nanny could no longer refuse. So the minister and Nanny 
laid their hands on the cow to lift her. The hands had hardly touched 
her, when up jumped the animal as if nothing had been the matter. 
Nanny had witched her. 

668. Rerrick, — A woman named Mrs. Williamson lived on a point 
called The Scaur, in the parish of Colvend. Sailors and fishermen were 
always most attentive in making gifts to her. If she was neglected, some 
misfortune befell the ship or boat. 

669. Mrs. W was one day nursing for a short time the child of a 

neighbour against whom she had a grudge. In dandling the child, ‘ she 
gave it a twist.’ The child grew up hunchbacked. 

670. Corsock. — A herd named McQueen was one day out with a gun to 
kill a hare. He put up one, fired, and struck her hard without killing 
her. He ran after her, and was again and again on the point of putting 
his foot on her, but she always got off. At last she disappeared. It was. 
a witch in shape of a hare. 

671. Kells. — Witches used to meet and hold orgies. A woman on one 
occasion was going to one of these, and to be able to contribute something 
to it she required some money. She churned her cream except a small 
quantity, sold the butter in Dairy and bought a bottle of whisky. To 
conceal from her husband what she was going to do, she took the small 
quantity of cream she did not put into the first churning, churned it, and 
showed the butter to her husband as if that was all the butter made. 

672. Kirkmaiden. — My informant has vseen a reputed witch and a 
descendant of one of the noted Galloway witches riding on a stone dyke. 

67 3. Dairy. — My informant one day engaged J ennie Mainsie, a reputed 
witch, to cut some seed potatoes for her. 8he treated the woman well 
and paid her full wages. Before leaving she asked to be shown round the 
garden. This was done. She then requested to be allowed to look into 
the coal-house. Her request was granted. After all this she said, 
‘Noo, I’ve dune ye a’ the ill I can.’ Next morning my informant went, 
into the coal-house to bring in coals for the fire. A big lump of coal fell 
on her foot and crushed it. 

674. Kirkmaiden. — If one went to a witch’s house, took a little straw 
from the thatch of it, and burned it, all power to harm the one that did 
this was taken from her. 

675. Laurieston. — When a cow’s milk was taken away by a witch, as 
much of the animal’s milk as could be drawn from her was put into a pot- 
with a quantity of pins. The pot was hung over the fire to boil, and the 
door of the house was bolted. The witch in due time came to the door 
and asked admission. Her request was denied. If she were admitted, 
the milk would not be restored, but if kept out the milk would return. 

676. Kirkmaiden. — On the farm of Kilstay, tenanted by Mr. Kerr, a 
grass-witch at one time wrought evil among the cows, so that no butter 
could be got from the cream taken from their milk. A man that had 
wide fame for his skill in such cases was called from Ireland. The man 
came. The first step he took was to go into the byres and count the 
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animals, and to examine them. He then ordered all the wickets or holes 
in the walls of the byres to be opened, so that whatever of evil influence 
was in them might get out. He next ordered all the members of the 
household to go into the dwelling-house, shut the door, cover all the 
windows, fall on their knees, and pray to God that what he was going to 
do would have the effect he wished, and not stir or open the door till three 
knocks were heard on it. He went into the byre, and did something no 
one knew, but the bellowing of the animals was terrible to be heard. 
After a time the three knocks on the door were heard, and the door was 
opened. The man had accomplished his work. When the cows were 
examined, each had a piece of vervain tied into the hair of the tail. The 
man then made a rope of hair, and tied it threefold round the bottom of 
the churn, and at the same time gave orders that it should not be 
removed. Things now went on all right, so that it was at last deemed 
safe to remove the rope. This was done with the result that no butter 
was got as formerly. The rope was replaced and Mr. Kerr, who was a 
handy man, made a sort of shallow tub to put over it and preserve it. 
Butter was again got. Vervain stitched into a band of silk was after 
this W'orn round the waist next the skin by the folk of Kilstay Farm. 

Evil Eye. 

G77. Balmnyhie . — There once lived at the Waukmill, Balmaghie, a 
woman named Mrs. Melroy, who had the evil eye. The power was so 
strong that if when milking her cow, she had looked on the milk in tlie 
pail, it would have been sour before slie reached the dwelling-house. Her 
husband was a dyer, and he would not allow her to look into the dye-vat, 
for if she did so the dye would not take. 

678. Dairy , — If one carrying milk meets one with the evil eye, the 
milk becomes sour. 

679. Kirhnaiden . — The fishermen of Dromore, when returning from 
gathering bait, do not care for one looking into the ‘ bait dish ’ on the 
bait. 


Place Legends, 

680. Corsock . — A diamond is believed to exist in C riffle Hill. Sailors 
see it glittering at night as they are sailing in the Firth. It cannot be 
found during the day, though search has been often made for it. 

680a. Kirkmaiden . — There is a large boulder in a field on the farm of 
Aucabrick, parish of Kirkmaiden. The present tenant wished to remove 
it, and one day, without telling his father, went to remove it. He had 
gone so far with the work as to have a chain fixed round the stone and 
the horses attached to the chain. His father saw what was going on. 
He made all haste to the spot, and reached it in time to stop his son in 
his work. The stone is still standing in the field. 

681. Kells . — In (Jarsphairn there is a place called Whanny Knowes, 
from the fact that there is a number of knowes or knolls all scattered 
about, popularly said to number 365. The rhyme is — 

Every knowe 

Would grass a yowe (ewe). 

682. Carsphahm , — There is a narrow gorge in the river Deuch, parish 
of Carsphairn, a little above the Old Brig of Deuch, called ‘ The Tinker’s 
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Loup.’ This is one tradition of the origin of the namd. A tinker that 
was passing along the road entered a house in which ‘ bleedy puddins ' 
were being cooked for supper. No one was in the house. He seized the 
puddings and made his escape from tho house. He was seen and pursued. 
He was on tlie point of being caught. To save himself he le^^pt the river 
at the spot that bears his name, and then sat down on the opposite side 
to rest and to enjoy his feast of ‘ bleed j puddins.’ 

683. Corsock. — There is an island in Loch Urr. A shepherd, accom- 
panied by his dog, one day waded across the shallow part of the loch. 
Having reached the island, he laid himself dowji under some bu.shes as 
the day was warm. He began scratching the ground with his stick. He 
turned up a piece of turf, and under it he saw a pot of gold. He looked 
behind him, and near him stood a creature in shape of a man with eyes 
as ‘ big as a broth plate an’ legs as thick as a corn sack.’ He held a paper 
in his hand. He asked the shepherd to sign it, and said to him that the 
gold would be his if he did so. The dog in the meantime had taken to 
hight in complete terror. When the shepherd heard the terms of getting 
the gold, and noticed how the dog had behaved, ho turned and ran. The 
dog in fright lied to the house, rushed below the bed, and would not leave 
his place of refuge for some days. Search was afterwards made for the 
treasure, but in vain. Another version of the tradition states that the 
shepherd dreamed that there was a pot of gold Jiidden on the island, 
and thus was led to search for it. 

684. There is a well called the Lag Wine Well in the parish of 
Carsphairn. The tradition is that there is in it a lump of gold which is 
guarded by the devil. On one occasion some men resolved to lead away 
the water from the well to dry it so as to reach the gold. They met and 
began cutting a trench. They had not been long at work till the sky 
grew black as night, and a thunderstorm, accompanied with torrents of 
rain, burst over them. At the same time such swarms of ‘mowdies,^ 
ie.i moles, came out of the ground that the diggers were put to flight. 

685. Kirkpatrick- Durham. — When St. Patrick left Kirkpatrick- 
Durham, he blessed a well close beside the churchyard. On March 17 
the one that was suffering from any disease that first went to tho well, 
drew water from it, and drank it was healed of tho ailment. A woman 
drowned a child in it, and the healing virtue departed from its water. 
(Told in Kells.) 

686. Kirkcudbright. — When the branches of an ash-tree growing 
out of the old castle wall, and the branches of a berry-bush growing 
out of the wall of the old school meet, the town of Kirkcudbright and 
the district of the country ten miles round it will sink below the level 
of the sea. The branches of the ash tree have been cut several times. 

Caves. 

687. Kirhnaiden. — In the parish of Kirkmaideii, at the Mull, there i.s a 
cave, and in the cave there is a stone. My informant saw about thirty 
years ago buttons, pins, pieces of iron and rags lying on it and around it. 

688. Kirkmaiden. — In the parish of Kirkmaiden there is on the 
edge of the public road on the east side of the parish a cave called 
the Grenan Cave. A dog on one occasion entered it on the east side, 
and came out on the west side of the point at a place called Slockmona. 

689. Farton. — There was a time not long ago when a field on the farm 
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of Dullarg, parish of Parton, lay unploughed. The saying was : ‘ The 
man that ploughed the ley would never cut the crop.^ Peter McCutcheon 
the farmer ploughed the held and sowed it. He died before the crop was 
reaped. The field has been cropped since. (Told in Kells by an old 
man.) 

690. T ungland . — On tlie farm of Balannan, Tungland, there are two 
fields adjoining each other, the one called The Drum, and the other The 
Croft, which have never been cultivated. The l)elief is that if cultivated, 
the death either of proprietor or tenant will be the consequence. Both 
fields were reserved during the last lease. They are not now reserved, 
but they still lie untilled. 

G91. Kelton . — It is the belief that Carlinwark Loch, near Castle 
Douglas, must have a victim yearly. (Told in Kells by an old man.) 


Place Rlujmrs, &c. 

692. Balniagltie . — 

The mealpoks of Girthoii, 

The bannocks of Borgue, 

The puir boddies of Balmagl\ie. 


693. Dalhmttle . — 

The men of Kelton. 

The Redshanks of Bahnaghie. 


694. ^lochnn )\. — The Mochrum Scarts 

695. Bahnaghie . — The town of Kirkcudbright is called Whisky Jane. 

696. Mock nun . — 

There’s Cairnsmohr o’ Fleet (Kirkcudbright) 

Tliere’s Cairmsmohr o’ Dee, 

And Cairnsmohr o’ Deueh (or Carsphairn), 

The highest o’ the three. 


697. Mochrum . — 

When Cairnsmohr puts on his hat. 

The Mochrum Lochs may lauch at that. 

698. Corsock , — 

When Mochrum hill puts on her hat, 
Millhairy hears word o’ that. 


699. Kells — * 

When Louran’s broo (Kells) gets on its cap. 
The river Dec lauchs at that. 

700 . Rerrick . — 

When Cairnharrow (Anwoth) puts on her cap, 
Cairnsmuir may leuk at that. 
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701. Cor sock . — 

When Skicldaw pits on her hat, 
Criifel soon Iiears word o’ that. 

702. C rossmichael . — 

To Dee said Tweed 
‘ What gars ye riii sae slaw, 
While I rin wi’ speed 1 ’ 

To Tweed said Dee, 

‘ Though ye rin fast, 

And I rin slaw, 

Wliaur ye droon ae man 
I droon twa.’ 


lihyines on ])arfs of the body. 

The Fingers, 

703. Ilalmayhie . — 

This is the yin that broke the barn, 

This is the yin that stelt the corn, 

This is the yin that tel It a’, 

An’ puir Pirlie Winkie paid for a’. 

7 01. — Kirkmaiden , — 

There’s the yin that broke the barn, 
There’s the yin that stole the corn. 
There’s the yin that ran awa’. 

Peer wee Peerie Winkie paid for a’. 

705. Mmnigaffj 80 years ago. — 

This is the man that broke the barn, 
And this is the man that stole tlie corn, 
And this is the man that sat and saw, 
And this is the man that ran awa’. 

And this is Peerie Winkie paid for a’. 

706. Povtlogan. — 

Here’s the yin that broke the barn. 
Here’s the yin tliat stole the corn, 

Here’s the yin that stood an’ saw, 

Here’s the yin that tellt a’, 

An’ peer wee Weerie Winkie paid for a’. 

707. Kirkmaiden . — • 

This is the yin that broke the barn, 

This is the yin that stole the corn, 

This is the yin that ran awa’. 

This is the yin that sat an’ saw, 

An’ peer Peerie Winkie paid for a’. 
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708. EerricJc , — 

This is the yin that broke the barn, 

This is the yin that stole the corn, 

This is the yin that sat and saw, 

This is the yin that tellt a^, 

Wee Pirlie Winkie. 

The Legs» 

7 09. Kirkma idt.n , — 

Twa wee dogs geed t’ the market, 

An’ they fell oot aboot a bane, 

An’ he ower him an’ he ower him. 

710. Minnigaff . — 

Twa wee dogs, they geed t’ the mill, 

They opent their pokes an lickit their fill, 

xVn’ the yin said : ‘ Gee me a lick oot o’ your poke, 

An’ I’ll geo you a lick oot o’ mine ; ’ 

An’ up the street they ran, they ran. 

711. K irkmaidcn . — 

There wiz twa wee dogs geed t’ the mill, 

An’ the twa wee dogs lickit their fill. 

The yin took a lick oot o’ }in man’s poke, 

An’ yin oot o’ the ither, 

An’ hame they cam, an’ hame they cam. 

712. Twa wee dogs geed t’ the mill, 

Waik an feeble, waik an feeble, 

They geed to the hopper an lickit their fill, 

An they earn hame stoot an’ able, stoot an’ able. 

713. Portlogan. - 

Twa wee dugs went t’ the mill, 

They opent a bag an lickit their fill, 

Ae aul’ woman gya them a lick, 

Anither aul’ woman gya them a lick, 

An they cam hame fit for fit. 


7'hc Pace, 


714. Eerrlck . — 


Broo breiitie, 
B’e winkie, 
Nose nentie, 
Mooth merry, 
Chin cherry. 
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7 1 e'3. Kirkmaiden . — 

There’s where the cat sat (brow), 

There’s where the cat lay (nose), 

Tliere’s where she broke her bone (chin). 


Knees — when dandling a child. 


71G. Kirkmaiden , — 

Ladies, ladies, into the yate (gently), 

Gentlemen, gentlemen, into the yate (more rapidly), 
Creel-cadgers, creel-cadgers, after a’ (roughly). 


The Feet, 


717. Corsock,-^ 

‘Johnny Smith, a fellow fine, 

Can ye shee this horse o’ mine ? * 

‘ Yes, indeed, and that I can, 

Jist as weel as any man. 

Here’s the hammer, here’s the nails, 
Ca tee, ca tee.’ 

718. Balmaclellan . — 

‘ John Smith, a fellow fine. 

Can ye shee this horse o’ mine ? ’ 

‘ Yes, indeed, and that I can, 

Here’s a hammer, here’s a shoe, 

Ca too, ca too.’ 

719. Rerrick . — 

‘ John Smith, a fallow fine, 

Can ye shue this horse o’ mine ? ’ 

‘ Yes, indeed, and that I can, 

Jist as weel as ony man ; 

Here’s a nail upon the tae 
T’ make the horse climb the brae 
Here’s a nail upon the heel 
T’ make the horse gallop weel ; 

Then pay me, then pay me, sir.’ 

720. Mhinigaff,— 

‘Jock Smith a fallow-mine (?) 

Can ye shoe this horse o’ mine ? ’ 

‘ Yes, indeed, and that I can 
As weel as ony other man. 

Here’s the hammer, here’s the brod ; 
Gentleman, yer horse is shod.’ 
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721. Portlogan , — 

‘John Smith a fulla fine, 

Could you shoe this horse o’ mine ? ’ 
‘Yes, indeed, an’ that I could 
As weel as ony boddio. 

Here’s a nail, and there’s a prod, 

Ca too, ca too, 

Gentleman, yer horse is shod.’ 

722. Kirkmaiden . — 

‘John Smith o’ Manybole, 

Can ye shee a wee foal ? ’ 

‘ Yes, indeed, an’ that I can, 

Just as weel as any man. 

Here’s the hammer an’ here’s the shod, 
Ca it on, ca it on.’ 

Qeiieral. 

723. Kirkmaiden, — 

Saw-see, cut a wee tree, 

An’ big a wee boat. 

An’ sail awa’ t’ Donaghadee 
For sugar an’ tea, 

To (child’s name) an’ me, 

724. Saw-see, cut a wee tree, 

T’ big a wee boat, 

T’ sail on the sea, 

T’ catch a wee fish, 

T’ put in the dish 

For wee (child’s name) an’ me. 

725. Forfar . — 

Aid J ohn Reid 

Was chockit t’ deed 

Wi’ eatin’ a piece o’ butter an’ breed ; 

Tt was na for need 

Bit jist for greed 

That aul’ J ohn Reid 

Was chockit for deed. 

726. Kells.— 

Hoot awa’, North win’, 

Mack the windows shiver. 

Hoot awa’, enjoy your play, 

I shall be warm as ever. 

727. Balmayhie . — 

Hush ye, baby, do not fret ye, 

The Black Houglas shall not get ye. 


K K 2 
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728. Portwilliam . — 

... is my name, 

And Scotland is my nation, 

Wigton is my dwelling place, 

And Christ is my salvation. 

[Copied from a book, and dated 1802.] 

729. Herrick . — During a hail shower the following words are repeated : 

Kainie, rainie, rattle stanes, 

] linn a rain on me ; 

Rain on Johnnie Crant’s house, 

Far ayont the sea. 

730. — The following lines were observed written on a gate near 
Auchincairn House, Herrick : 

Be ye man or be ye woman, 

Be ye gun or he ye cannon, 

Be ye early or be ye late, 

Don’t forget to shut this gate. 


Counting-out Hhyme. 

731. Fortlogan . — 

Seetum, peetum, potum, pie, 
Paper, lotum, jinkuin, jye, 
Stan’ ye there oot bye. 

When all are counted out except two — 

Two an’ two’s a tippenny loaf, 
Two an’ two’s oot. 

732, Georgetown . — 

Eerie, orie, aikerie, ann, 

Fill ma pock an’ lat me gang ; 
Black fish, white troot, 

Eerie, orie, ye’re oot. 


733 Herrick . — 

Eetum, peetum, penny pie, 
Ye’re a fool as well as I. 


APPENDIX II. 

Heport on the Ethnography of Wigtonshire and Kirkcudbrightshire. 

The data for this Report were collected with great care by the late 
Dr. Walter Gregor, and the Committee regret that our esteemed colleague 
did not live to receive the congratulations which they feel are due for 
this valuable piece of work. The schedules have been tabulated and the 
indices recorded by Dr. A. C. Haddon, who desires to express his thanks 
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to Mr. E. W. Brabrook for assistance rendered. The following is the 
record of the work done in 1896 by Dr. Gregor in his own words : — 

* On April 14 1 went to the parish of Kirkmaiden as the guest of 
J ames McDonall, Esq., of Logan. By his help personally, and through 
him, by the help of the Rev. Mr. Cavan, Free Church minister at Dro- 
more, and the Rev. Mr. Guttridge, Episcopalian clergyman at Logan, 
twenty-one sets of measurements were obtained, fifteen of males and six 
of females. On Monday, April 20, 1 proceeded to the Manse of Minnigaf, 
where I was again cordially received by Mr. and Mrs. Reid. As on my 
former visit, Mr. Reid afforded me every assistance he could, and eleven 
sets of measurements were taken, five of males and six of females. On 
Friday, April 24, I went to the Manse of Mochrum, and had the help of 
Mr. Allan and his daughter. In that parish were got eleven sets of 
measurements, seven of males and four of females. On the kind invita- 
tion of Mr. Reid, minister of Balmaghie, I went to his manse on April 28, 
My stay in that parish produced seven sets of measurements, six of 
males and one of a female. The Manse of Kells was my next destination, 
which I reached on May 6. There I had the help and influence of 
Mr. Philip. In that and the neighbouring parish of Dairy only three 
sets of measurements were taken as my schedules were exhausted. Fifty- 
three sets of measurements form the result of this second visit, thirty-six 
of males and seventeen of females. 

‘ As on my former visit I tried to find out those whose ancestors have 
lived for the longest period in Galloway in the line both of father and 
mother. 

* In all the districts I visited every opportunity of collecting the folk- 
lore was laid hold of, and a good deal of it, some of which will prove 
of interest, was gathered. It may be stated that when natives of other 
districts were met with, they were questioned, and what information was 
obtained was noted down, and the county it comes from was stated. It 
will take a considerable time to make ready my notes, but the work will 
be carried out as speedily as I can. 

‘ The Committee are again under great obligation to all those who have 
■exerted themselves to carry out this investigation. 

^ I have to state that everywhere I was received with the utmost 
cordiality, and the hospitality and true kindness accorded to me by my 
hosts and their families are beyond all thanks. 

‘ I have the honour to send to the Committee the fifty-three schedules.’ 

Dr. Gregor has filled up schedules for 46 Wigtonshire and 36 Kirkcud- 
brightshire men (total 82), and for 21 Wigtonshire and 13 Kirkcudbright- 
shire women (total 34), making a gross total of 116 Galloway folk. 
These observations have been tabulated according to counties and sexes. 
As there is no appreciable difference between the inhabitants of the two 
^counties, at all events so far as the men are concerned, wo may describe 
the Galloway type in the following terms : — 

Men, 

The average height of the men is 1733 mm. (5 ft. 8J in.), the maximum 
being 1853 mm. (6 ft. 3 in.) and the minimum 1587 mm. (5 ft. 2^ in.). 
The average height sitting is 905 mm. (2 ft. 11| in.). 

The skin is ruddy ; it is not stated whether there is a tendency to 
ireckle. The hair usually is darkish brown and straight ; the actual 
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figures are red 6, fair 16, brown 32, dark brown 24, black 3. (51 out of 

82 are credited with straight hair, but the proportion is probably greater.) 
The eyes are as follows :~blue 35, light grey 25, dark grey 8, green 1, 
light brown 5, dark brown 8. Only a few (15) are stated to have 
prominent cheek bones. The nose is straight, with a slight tendency to 
sinuosity. The ears are flat with distinct lobes. 

The average cephalic index is 77*4, varying between 70*3 and 82‘6. No 
deduction has been made to reduce it to the cranial index of the skull. 
The average length-height index is 66*8, and the breadth-height index 
86’9. The average upper facial index 49, and the nasal index 60*4. 

Women. 

The average height of the women is IGOO mm. (5 ft. 3 in.), the maximum 
being 1710 (5 ft. 7^ in.) and the minimum 1423 mm. (4 ft. 8 in.) Tho 
Kirkcudbrightshire women are somewhat shorter (1578 mm. — 5 ft. 2 in.) than 
the Wigtonshire women (1621 mm. — 5 ft. 3|), though this is not the case 
with the men, but the numbers are insuflicient to lay any stress on this fact. 
The skin is usually ruddy. The colour of the hair varies more than 
among the men. Thus for Wigton the figures are — red 3, fair 5, brown 4^ 
dark brown 5, black 4 ; and for Kirkcudbright, red 1, fair 1, brown 8, dark 
brown 3, black 0. It is generally straight. The eyes are as follows : — 
Wigton : Blue G, light grey 2, dark grey 3, green 0, light brown 2, dark 
brown 8. Kirkcudbright : Blue 3, light grey 5, dark grey 1, green 0, light 
brown 2, dark brown 1. Thus the Wigtonshire women are somewhat 
darker than those of Kirkcudbrightshire. The other facial features 
resemble those of the men. 

The average cephalic index is 78*4, varying between 71*5 and 88*5. 
The average length-height index is 68, and the average breadth-height 
index 87 ; that of the Wigtonshire women is 88*4, and that of the 
Kirkcudbrightshire is 85*7, as the breadth is precisely the same in both 
instances (147 mm.) ; the difierence in the index is due to the average 
height of the cranium being greater in the Wigton (130 mm.) than in the 
Kirkcudbright (126 mm.) women. The upper facial index is 47, and the nasal 
index 61 '2. Thus, besides being slightly more brachy- cephalic, or rather 
less dolicho- cephalic than the men, the Galloway women have relatively 
broader faces and wider nostrils. 

The tables upon which this abstract is based have been handed to the 
Anthropological Institute for publication. 

The district surveyed by Dr. Gregor is of especial interest, as it is 
included in the country of the ancient Piets, a people concerning whose 
affinities various theories have been made. When the Ethnographical 
Survey of Great Britain and Ireland was originated, it was intended that 
this should be one of the first problems to be attacked. A comparison 
with the results obtained from other areas formerly inhabited by the Piets 
will show whether the above-described type is mainly that of the Piets, 
or whether it is a composite type, which will require a finer analysis. 
However this may be, we have at least advanced a definite stage towards 
the solution of this important hi.storical and anthropological problem. Dr. 
Beddoe’s ‘ The Races of Britain,^ p. 249, should be consulted on this sub- 
ject. 
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APPENDIX III. 

Report of the Cambridge Committee for the Ethnographical Survey of 
East Anglia. 

The Committee present the reports on the physical characters of the 
inhabitants of two districts in the neighbourhood of Cambridge. 

Last year Professor Macalister gave a course of lectures on Anthro- 
pology at Aberdeen, which excited a good deal of local interest. Several 
members of his audience were stimulated to study the subject, and some 
of their personal observations on the hair and eye colours of the inhabit- 
ants of Aberdeen and elsewhere arc here appended. 

Professor Macalister also interested Mr. J. J. Taylor, M.P., of 
Emmanuel College, Cambridge, in making anthropometrical observations. 
Mr. Taylor took the opportunity of a bazaar to measure and note the 
characters of C6 natives of Yorkshire. The following tables give details 
of 31 of these who came from a restricted area. 

Some former students of Professor Haddon’s took a similar oppor- 
tunity in Belfast in 1894 and measured a large number of people. In 
both cases the visitors to the bazaars paid a small sum to be measured, 
and they received a printed form on which was entered a copy of their 
measurements. This method of obtaining measurements and other 
anthropological data might very well be employed elsewhere. 

On the Physical Characters of the Inhabitants of Barley, Herts, 

By A. ij. IIaddon. 

In the 1895 Report of the Association a reference was made (p. 510) 
to observations I made, with the assistance of some of my students, on 
the physical characters of the inhabitants of the parish of Barley. Though 
situated in Hertfordshire this village is on the borders of Cambridgeshire 
and Essex. The rector, the Rev. J. Fromo Wilkinson, afforded me every 
facility in his power, and induced several of his parishioners to be 
measured. 

The families of thirteen of the men measured at Barley have been 
established in the district for some two or three hundred years. The 
parents of No. 8 came from Braintree in Essex, and those of No. 14 from 
Suffolk, where, in both instances, their families had been for generations. 
I have included them in the totals, as they do not appreciably affect the 
averages ; No. 8 is, however, less typical. 

The average Barley man may be described as having a ruddy skin, 
which docs not freckle j brown hair, with a tendency to fair or red, though 
dark hair is by no means uncommon. The hair is as often straight as 
wavy. Eight have blue eyes, two each light and dark grey, one green, 
and two light brown. The face is in an equal number of cases of medium 
breadth, or long or narrow. Nos. 12 and 15 have broad faces. The 
cheek bones are inconspicuous. The nose is most usually straight — two 
had turned-up noses, llie lips arc thin or of medium thickness. The 
ears are, as a rule, fairly prominent, but they are not of a coarse typo. 
The average stature (excluding No. 15) is 1,695 mm., or 5 feet inches. 

The more important head measurements and indices will be found in 
the table. Full face and profile photographs were taken of the fifteen 
individuals measured ; copies of these are deposited with the schedules 
containing the detailed information. 
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None of the people in the neighbourhood of Barrington and Foxton 
had projecting cheek-bones ; the ratio, however, between length and 
breadth of face varied widely, as seen under the Facial Indices in the 
table. 

The complexion varied, 1 5 being ruddy, 6 dark, and 4 pale ; dark hair 
predominated, 10 individuals possessing it of that shade, 9 brown, 1 red, 
and 3 fair. 

The colour of the eyes was chiefly light : 7 blue, 6 light grey, 2 light 
brown, 5 green, 3 dark grey, and 1 dark brown. 

Lips were mostly of medium thickness, 4, however, having thin and 
2 thick lips. 

Height of men variable, from 1,533 to 1,744 mm. 

The cephalic index would show by itself that the people are a very 
mixed production, and this is corroborated by the rest of the indices. 

From a cursory study of the table, it seems impossible to separate the 
people into any series of types, or to determine any common type. 

Photographs of most of the individuals accompany the table, along 
with further details not mentioned above. 

APPENDIX IV. 

Observations on Physical Characteristics of Children and Adults taken at 
Aberdeen^ in Banffshire^ and in the Island of Lewis. 


1. Table of the Colow' of the Hair and Byes of 720 School Children attendiny the 
Skene Street Public School^ Aberdeen., Collected by the Headmaster y Alexander 
Forbes, Esq. Jatiuary 1896. 


Standards . 

Infant 

I. 

11. 

1 in. 

JV 

V. 

VI. 

Totil 

Average Ages 

C 


8 

9 

10 

11 

12 

V, j Bark , 

42 

23 

32 

30 

26 

16 

14 

183 

^ - Medium 

® 1 Fair . 

74 

55 

43 

40 

46 

56 

18 

3>32 

62 

38 

28 

28 

19 

21 

8 

205 

Total . 

179 

116 

103 

98 

91 

93 

40 

720 

03 f Bark . 

51 

16 

30 

20 

16 

22 

10 

1 65 

\ Medium . 

67 

61 

25 

32 

49 

39 

19 

292 

W [ Light 

61 

39 

48 

46 

26 

32 

11 

26 { 

Total . 

179 

116 

103 

98 ■ 

91 

93 

40 

720 


2. J'able of the Colour of the Hair and Eyes of 184 Inhabitants of Aberdeen. 
By Mr. James VV. Duncax. 


— 

Fair 

Hair 

Medium 

Dark 

To^al 

r Blue 

.55 

13 

22 

90 

^ \ Medium 

22 

IG 

23 

61 

W i Bark . 

13 

4 

16 

33 

Total . 

90 

33 

61 

184 
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3. Table of the Colour of the Hair awl Eyes of 120 Inhabitants of Aberdeen. 
By Mr. J. CoorEii. 


Light . 
Medium 
Dark 


Total 


Hair | 

Fair 

Medium 

Dark 

17 

8 

1 

25 

21 

8 

12 

IG 

12 

51 

45 

1 21 


Total 


2G 

54 

40 


120 


4. Table of the Colour of the Hair and Eyes of the Inhabitants of Cullen y 
Banjfsfdre . 104 ohsermttions, exclusive of the Eishmy Population, by Mr. 
JonN Smith. 149 observations on the Fishing Population, by Mr. J. B. 
Gakhineti. 




Hair 

Total 


Hair 


Total 



Fair 

Med. 

Dark 

Fair 

Med. 

Dark 

« f 

Light 

20 

28 

}) 

57 

47 

29 

11 

87 

^ i 

Medium , 

6 

18 

12 

3(; 

12 

13 

24 

49 

W 1 

Dark 

1 

1 

9 

11 

~ 

4 

9 

13 

I'otal . 

27 

47 1 

30 

104 

59 

1 4G 

44 

149 


5. Table of the Colour of the. Hair and Eyes of 283 hihabitants of Euh'bost, 
iSlof'noway, Leiuis, Hebrides. By Mr. K. S. Macleay. 




Hair 

Total 



Fair 

Medium 

j Dark 

to 

r Blue 

47 

GO 

23 

130 

o 

' 

\ ^ledium 

32 

35 

1.5 i 

82 

w 

1 Dark . 

25 

22 

24 

71 

Total . 

104 

! 117 

1 

G2 

283 


APPENDIX V. 

AnthroponiGtrio Notes on the Inhabitants of Cleckheaton, Yorkshire. 

By J. J. Taylor. 

The following tables embody the results of a series of measurements, 
made in November 1896, in connection with a bazaar at Cleckheaton, a 
manufacturing town about six miles south of Bradford, Yorkshire. 

In compiling the tables only persons over the age of twenty, and born 
within a radius of two miles, have been included. 

It has resulted from the method of obtaining the data that the 
number of the working-class measured was small, comprising among 




Tabl^is 1. and II. 
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the men Nos. 7, 9, 10, 11, and 20, Nos. 4, 6, and 13 being doubtful ; and 
among the women we get Nos. 6 to 11. All the men of this class, with 
the exception of No. 20 — who is a gardener — are engaged in indoor work, 
and most probably all the women likewise are, or have been, employed in 
factories. 

Tables I. and II. (see p. 508) show the various individual measure- 
ments, indices, &c. 

The skin colour being divided into pale, ruddy, and dark. 

The hair colour being divided into fair, red, brown, dark, and black. 

The hair into straight and wavy. 

The eyes into light, medium, and dark. 

The face was divided, according to the general impression given by a 
full-face view, into long, medium, or broad. 

The cheek-bones were divided according as they appeared to be- 
inconspicuous or prominent. 

The profile of the nose was divided into straight (St.), hooked (1), 
and sinuous (2). 

All measurements were taken in millimetres. 

Tables III. and IV. give the mean indices of all the men and women 
respectively, and also their mean indices when grouped according to their 
eye colours. 

Tables V. and VT. are arranged in a similar way for their hair colour. 

Tables VII. and VIII. give the relations of hair colour to eye colour. 


Tables III. and IV. 



Sex 

No. 

F i<ial 
Index 

No. 

Cephalic 

Index 

No. 

Nasal 

Index 

Mean 

M. 

20 

89 3 

20 

79-5 

20 

64*7 

Light Eyes 

It 

1 

91*7 

1 

76 6 

1 

70 0 

Medium Eyes . 


8 

87-0 

8 

79-2 

8 

66*4 

Dark Eyes 


11 

90 8 


80-0 

11 

61-8 

Mean 

F. 

8 

87 1 

7 

o 

00 

8 

59-5 

Light Eyes 

„ 

— 

— 

— 

— 

— 

— 

Medium Eyes . 


5 

81 3 

5 

81*2 

5 

61-8 

Dark Eyes 

- 

3 

9G-9 

2 

78-8 

3 

66-1 


Tables V. and VI. 



Sex 

No. 

Facial 

Index 

No. 

Cephalic 

Index 

No. 

Nasal 

Index 

Mean 

M. 

20 

89-3 

20 

79-5 

20 

64T 

Fair Hair . 


2 

93*1 

2 

76 3 

2 

661 

Brown Hair 


9 

86-3 

9 

79*2 

9 

66-6 

Dark Hair 


9 

911 

9 

80-1 

9 

620 

Mean 

F. 

8 

871 

7 

80-6 

8 

69-6 

Fair Hair . 

’’ 

2 

92- 1 

1 

79 1 

2 

55-1 

Brown Hair 


4 

81-9 

4 

80-6 

4 

61-2 

Dark Hair 

’’ 

2 , 

92-6 

2 

80-9 

2 

61-2 
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Tables VII. and VIII. 



Sex 

No. 

Light Eyes 

Medium Eyes 

Dark Eyes 

Fair Hair . 

M. 

2 

1 

1 

0 

Brown Hair 


9 

0 

6 

3 

Dark Hair . 


9 

0 

1 

8 

No. . 


20 

1 

8 

11 

Fair Hair . 

F. 

2 

1 0 

I 

1 

Brown Hair 

,, 

4 

; 0 

3 

! 1 

Dark Hair . 

,, 

5 

1 9 

1 

4 

No. . 


11 


5 

6 


Thirteen per cent, have fair hair, 42 per cent, brown hair, and 45 per 
cent, dark hair; the nigrescence index of Beddoe is 10 for the total of 31, 
or 32*2 per cent. 


APPENDIX VI. 

Report of the Committee oyi the Ethnographical Survey of Ireland, consist- 

ing of Dr. C. II. Browne, Professor D. J. Cunningham, Dr. S. 

Haugiiton, Professor E. Perceval Weight, and Professor A. C. 

Haddon {Secretary). 

Last summer (1896) Dr. Browne visited Clare Island and Inishturk, co. 
Mayo. Until lately both these islands have been greatly cut off from the 
outer world ; indeed, the latter is still without a postal service ; but Clare 
Island has recently been bought by the Congested Districts Board, and so 
great changes may be expected in the people. 

The population of Clare Island belongs largely to the Clan U'Maille 
(O’Malley). Inishturk is populated by the O’Tooles. Some think this is 
a branch of the Leinster sept of that name, but the people claim that they 
are a branch of the O’Malleys. 

Dr. Browne measured 56 adult males, and noted the eye and hair 
colours of 206 individuals. The people are fairly good-looking, brown- 
haired and blue-eyed, and of rather slender build. The average height is 
1,696 mm. (5 ft. 6| in.), somewhat below the average Irish stature ; the 
cephalic index is 79*4. The face is very broad ; the nose is often short 
and upturned, and is broad across the nostrils, giving a high nasal index 
(69-1 for Inishturk). The physical proportions differ a good deal from 
those of other districts in co. Mayo. The people of Inishturk are taller 
(1,716 mm.), stouter, darker, and of lower cephalic index (77’9) than those 
of Clare Island (1,693 mm. and 79*7 respectively). 

The mode of life is somewhat similar to that in Inishbofin.^ The 
greater part of the islands is held in commonage, and all land when not 
actually in crops is common land. Very little land is cultivated, and all 
of it by spade labour. A good deal of kelp is burnt. 

In his paper, which was read before the Royal Irish Academy in June, 

* Proc. Roy. Irish Acad., 3rd series, vol. iii. 1894, p. 317. 
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Dr. Browne gives numerous other details of the physical and mental 
characteristics of the people, their dress, habitations, and mode of life, 
together with interesting items of folklore. 

The account of the work of the previous year (1895) was published 
by the Boyal Irish Academy last December, ‘ The Ethnography of 
Ballycroy, co. Mayo.’ ^ 


SilcJiGster JExcavaiion. — Report of the Committee, consisting of Mr. 
A. J. Evans (Chairman), Mr. John L. Myres (Secretary), and 

Mr. E. W. Brabrook, appointed to co-operate with the Silchester 

Excavation Fund Committee in their Explorations, 

The Committee beg leave to report that the excavations on the site of the 
Boman City at Silchester during the year 1896 were begun on May 1 
and continued, with the usual break during harvesting operations, until 
October 26. 

The area selected for excavation included two (XV. and XVI.), 

immediately south of insulce XIII. and XIV., which were excavated in 
1895. The result was, on the whole, satisfactory, and as usual ended in 
^ome curious and totally unexpected discoveries. 

Insula XV. appears, like insulce IX., X., XI., XII., and XIII., to 
have been given up to the dyeing industry, of which traces were found in 
1894 and 1895, and a large area in the northern part of the insula was 
perhaps used as a bleaching ground. Two wells were discovered, one 
with a wooden framing at the bottom, the other with a large wooden tub, 
which will be added with other antiquities to the Silchester Loan 
Collection in the Reading Museum. 

Insula XVI. contained a large and important house of the courtyard 
type in the north-west angle, and two other houses of the corridor type, 
as well as an isolated square building. Traces were also found of other 
structures, which were probably of wood. A large number of pits were 
met with in the trenches, and from these some good vessels of pottery 
and other antiquities were recovered. A pit of unusual size near the 
south-east angle yielded a large quantity of bladebones of sheep ; the 
numerous perforations in these showed that they had been used in the 
manufacture of counters. 

Besides the operations in insulce XV. and XVT., a small area was 
trenched to the south of the parish graveyard, which is within the walls, 
in view of its immediate inclosure as an additional burying ground. The 
area is close to the two square temples uncovered in 1890. The founda- 
tions of a small house of the corridor type were disclosed, near wliich was 
found a lump of worked porphyry. 

It will be seen, therefore, that the results of the year’s work in no 
way fall behind those of former years, and that further progress has been 
made in the systematic excavation of the site of the Roman city, which 
has now been carried on by the Committee of the Excavation Fund for 
seven successive seasons. 

A special exhibition of the antiquities, (tc., found was held at Bur- 
lington House during the month of May, and a detailed account of all 


* Proc. Boy. Irish Acad.^ vol. iv. 1896, p. 74, 
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the discoveries has been published by the Society of Antiquaries in 
‘ Archseologia/ Iv. pp. 409-430. 

It is proposed during the current year to excavate the two insulce 
(XVI. and XVII.) extending from insula III. as far as the south wall. 

Although more than half of the area (100 acres) within the walls has 
now been systematically excavated, and with most important results, the 
Committee desire to point out that there is still several more years’ work 
to be done before the Romano -British city can be regarded as completely 
disclosed. They therefore ask to be reappointed, with a further grant of 
40^. The whole of the grant made in 1896 has been expended. 


Functional Activity of Nerve Cells. — Report of the Committee, consisting 
of Dr. W. H. Gaskell {Cltairman aiid Secretary), Mr. H. K. 
Anderson, Professor F. Gotch, Professor W. D. Halijburton, 
Professor J. B. Haycraft, Dr. J. N. Langley, Professor J. G. 
McKendrick, Dr. Mann, Professor Bcirdon Sanderson, iVofessor 
E. A. Schafer, Professor C. S. Sherrington, and Professor A. 
Waller, aipointed to investigate the changes tvhich are associated 
with the Functional Activity of Nerve Cells and their Feripheral 
Extensions, 

irrENDlX PAGK 

I. On the Origin, Course, and Cell- connections of the VisceTo-niotor Nerves of 

the Small Intestine. By J. L. Bunch, MI), B.Sc. . . . .513 

II. Electromotive Changes m the Spinal Cord and Nerve Roots during Activity. 

By Professor Fbancis Gotch, F.H.S., and G. J. Bubch, M.A. . .511 

III. The Activity of the Nervous Centres which correlate Antagonistic Muscles 

in the Limbs. By Professor C. S. Shkbbinoton, M.I)., FB S. . .516 

IV. On the Action of Reagents upon Isolated Nerve. By A. D. Waller, M B , 

F.B.S., and S. C. M. SOWTON 518 

V. Histological Changes in Medullated Nerve after Treatment with the Vapours 

of Ether and Chloroform, and with Co,. By A. 1). WALLER, MB., 

F.R S , and F 8eymour Lloyd . 520 

VI. An Investigation of the Changes in Nerve-cells in various Pathological 

Conditions, i/y W. B. Wabkinoton, A/.7/, .... 525 

It was felt by the Committee that the most hopeful chance of the dis- 
covery of the changes which the nerve cell arid nerve fibre undergo during 
activity was by means of investigations in two directions, viz., the changes 
in histological appearance and in electrical reactions. In furtherance of 
this object the Committee requested Dr. Mann to investigate the histo- 
logical appearances in nerve cells after long continued activity ; Professor 
Boyce to investigate the histological changes in nerve cells resulting from 
the action of drugs ; and Mr. Lloyd, the histological changes in nerve 
fibres under the intiuence of reagents. For the investigation of the 
electrical phenomena Professor Waller undertook the electro-physiology 
of isolated nerve ; and Professor Gotch, the investigation of the electrical 
changes in the spinal cord and roots during activity. 

In addition to these two main branches of the inquiry there were 
numerous other important questions which required an answer ; among 
these the meaning of the medullation of nerve fibres and its relation to 
their functional activity. The investigation of this problem was entrusted 
to Mr. Anderson. Again, the cells of the sympathetic nervous system 
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form a group requiring investigation apart from those of the central nervous 
system, and it is especially important to know whether one cell and 
one only is situated on the course of these efferent visceral fibres, 
iis appears to be the case from Langley’s experiments with nicotine ; 
Mr. Bunch, therefore, at the suggestion of Professor Schafer, was en- 
trusted with the investigation of the position of cell stations on the 
course of sympathetic nerves. Finally tlie state of activity in a nerve 
centre owing to the activity of neighbouring or specially correlated nerve 
centres is a very important questioiL in connection with the functional 
activity of nerve cells ; Professor Sherrington, therefore, was requested to 
contribute to the report the results of his investigations into the 
activity of the nervous centres which correlate antagonistic muscles in 
the limbs. 

These different investigations have been carried out by the different 
observers as far as has been possible in the time, and the results obtained 
up to the present have been embodied in a series of reports sent in to the 
Committee. Of these reports it is advisable at present to publish only 
those in which the investigation has reached a fairly complete stage ; this 
comprises the reports of Dr. W. B. Warrington, of Dr. J. L. Bunch, of 
Professor Gotch, of Mr. F. Seymour Lloyd, of Professor Sherrington, and 
of Professor Waller. All these were brought before the Physiological 
Section at Toronto, and are hereto appended. As regards the researches 
of Dr. Mann and Mr. Andenson, though considerable progress has been 
inade the results are not yet leady for publication. The Committee 
are of opinion that what has already been done affords strong evidence of 
the value of further investigation on the same lines, and therefore request 
to be reappointed. 


APPENDICES. 

I. On the Origin, Course, and Cell-connectious of the Yisccro-motor 
Nerves of the Small Intestine. By J. L. Bunch, M.D., B.Sc. 

[From the Physiological Laboratory, Pniversity College, London.] 

My investigations into the origin, course, and cell-connections of the 
^’iscero-Tnotor nerves of the small inte.stine have been continued with the 
aid of a portion of the grant made to the Committee. 

About forty experiments in all have been performed, tlie animals 
employed being dogs and cats. 

The following points have been made out : — 

1 . Tn no case has excitation of the vagus either in the neck, after 
administration of a small dose of atropine, or in the thorax, with or with- 
out atropine, caused any contraction, or any increase of the normal 
rhythmic contractions of the intestine. The action of the vagus is in every 
instance conlined to the stomach. Tn one case (dog) there appeared to be 
a diminution in the extent of the movements and a tendency to their 
inhibition. It is possible that this result may have been produced by a 
pull exerted upon the small intestine by contraction of the stomach, but 
it does not seem that this was the cause. It is noteworthy that on 2'^08t- 
mortem dissection in this case the vagi were found to be distributed mainly 
to the coeliac plexus, a small ])roportion only of the nerves passing directly 
to the stomach. 

1897. 
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2. Excitation of either great splanchnic nerve has always caused diastolic 
tone in the intestine of the cat^ with a tendency to diminution of the 
extent of the normal rhythmical contractions ; these, however, do not, as 
a rule, cease during the excitation. 

3 Excitation of either splanchnic almost always causes systolic tone in 
the intestine of the dog. The normal rhythmic contractions are usually 
continued during the excitations, but their diastole is incomplete. The 
effect is often followed by diastolic tone. In a few dogs experimented on 
the efiect produced was similar to that in the cat. Varying the rate of 
excitation produced no difference in the result in either dogs or cats. 

4. It is concluded that the vagi contain usually no viscero-motor fibres 
for the small intestine, and that the splanchnics contain both viscero- 
dilator and viscero-constrictor fibres ; the result obtained depending upon 
the preponderance of one or other kind. 

T). The effects of stimulating the anterior nerve roots from the 8th to the 
13th post-cervical, or of the cut spinal cord between these roots, are 
similar to those obtained on stimulating the splanchnic nerves. 

6. Intravenous injection of nicotine produces the same effect, but to a 
much more marked degree, as stimulation of the splanchnics in the same 
individuals — i.e., in cats always strong diastolic tone ; in dogs usually 
strong systolic tone, but in a few cases diastolic tone. 

7. After intravenous injection of about 3 mgr. nicotine in cats, or 
about 5 to 7 mgr. in small dogs (7 to 10 kilos.) the effects of nerve-root 
and splanchnic excitation are abolished, but excitation of the mesenteric 
nerves still produces marked contraction of the intestine. 

8. It is concluded, therefore, that there is probably no cell station 
between the nerve roots and the ganglia of the solar plexus — i.c., that 
the fibres pass through the ganglia of the sympathetic chain without 
interruption. 

The contrary statement, which I made in a paper presented last year 
to the Section of Physiology, was based upon the results of two expt'ri- 
ments only, and the tracings of these were unsatisfactorily recorded ; it 
has not been confirmed in any of my later experiments. 

The nerves to the small intestine appear, therefore, to conform to the 
general law laid down liy Langley regarding viscero-motor fibres, viz. : in 
having no cell station in the ganglia of the sympathetic chain, and but 
one cell station between the spinal cord and the peripheral nerves. 


II. Report upon Electromotive Changes in Eferve daring Activity. By 
Professor Francis Cotcii, E.R.S., and G. J. Burch, M.A. (Oxon.). 

The main object of the present investigation is to ascertain how far 
the capillary electrometer can be utilised for determining the true rela- 
tions of the electromotive changes of nerve. Previous observations by 
many investigators have shown that excitatory electrical changes are 
propagated along the tissue at a rate closely resembling that of the exci- 
tatory process itself — i.e., 30 metres in one second in the sciatic nerve of 
the frog, at 15° C. The rate of propagation of polarisation electromotive 
changes is variously stated to be 6 to 12 metres per second in nerve 
(Bernstein), 30 to 40 metres in polarisable schemata (Hermann), 60 to 
120 metres (Borruttau). Since the relationship of the so-called excitatory 
changes to the polarisation ones must, from the nature of things, be 
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extremely intimate, the above discrepancies suggest an inquiry as to the 
efficiency of the methods hitherto employed in the investigation. These 
have consisted in using repeated electrical currents as the exciting or 
polarising agencies, and noting the galvanometric effects produced by their 
summation. The authors were led by some prelinjinary experiments to 
infer that the time relations of such multiple effects differ from those of 
a single change. In order to obtain the necessary record of a single 
change, a new projection electrometer was constructed and fitted up in 
connection with a photographic recording arrangement, in a room set 
apart for the purpose in the physiological laboratory at Oxford. 

The new capillary electrometer is of the improved form referred to by 
one of us (G. J. B.).^ It is less fragile than the older instruments, and 
gives better dotinition with high magnifying power. In sensitiveness 
and rapidity of action it is superioi* to tliose which we have hitherto 
used. Great difficulties were met with at first owing to the transmission 
of vibrations through the concrete floor to the pillar, which, although 
placed in a well sunk 7 feet below the ground, did not furnish a satis- 
factory base for our very sensitive instrument. Those difficulties were 
finally got rid of by the adoption of a special form of support. Since it 
was essential to eliminate all vibration errors, a considerable part of the 
grant allotted to this branch of the research has been devoted to the 
construction of the stand just referred to. , 

The experiments are still in progress, but a large number of photo- 
graphic records have been already made, particularly of polarisation effects 
and aftei’-effocts. These have been obtained in the following polarisable 
objects: (1) Schema on Hermann's model— f.^., platinum wire core in 
saturated solution of zinc sulphate ; (2) sciatic nerve ; (3) sartorius 
muscle. 

1. Schrinri. — The capillary records of the extrapolar polarisation 
effects produced by a single polarising current give on analysis results 
which show that the propagation rate is not the same as that obtained 
from similar experiments carried out by the authors by the repeating 
rheotorae and galvanometric record. The differences between the two sets 
of results seem to indicate that the rheotonic effects are confused by the 
presence of a complexus of electrical states. 

2. Nerve . — The records with nerve exhibit several suggestive charac- 
teristics, but this part of the investigation is still in progress, and further 
reference to it would at present be inadvisable. 

3. Muscle , — The sartorius muscle was utilised to determine the cha- 
racters of the capillary records of the two classes of anodal after-effect, the 
polarisation anodal positivity and the excitatory anodal negativity. These 
records show, among other facts, that when the excitatory effect is pro- 
duced it not only swamps the polarisation one, but increases in extent for 
some little time after the cessation of the polarising current. The records 
of the excitatory after-effect are further remarkable in showing no indica- 
tions of oscillation ; it would therefore appear that this anodal excitatory 
change is not a rapid series of states but a single prolonged change. It is 
thus distinguished from other excitatory changes of similar duration, and 
cannot be regarded as a response of the same order as that produced by 
successive stimuli. 

* 0. J. Ihircli, ‘The Electrometer in Theory and Practice,’ The Jilectt ician, 1896. 
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III. The Activity of the Nervous Centres which correlate Antagonistic 

cles m the Limbs, By Professor C. S. Sherrington, M.D., F.R.S. 

The recent results of histology in regard to the nervous system have 
brought with tliem the view that the physiological continuity between 
nerve cell and nerve cell does not involve anatomical continuity of the 
nerve cells. Tlie theory of cellular contact put forward by Porel and 
Golgi has received a large amount of conhrmation from subsequent 
workers, as Cajal and Kolliker. The place of linkage between nerve cell 
and nerve cell — the synapsis as it is termed by Professor Poster — is a 
place where the conduction of nervous impulses is supposed to occur 
across an intervening substance. This character in the construction of 
the chain of conductors has given rise to speculation as to possibility of 
increase or decrease of difficulty for conduction along a given line due to 
alteration at tlie gap between adjacent links in the chain. 

Various histologists (lienaut, Demoor, Duval, 8olvay, Lepine, tfcc.) 
assert that the cells of the nervous system possess, to a certain degree, the 
power of contractility of their processes. Cajal thinks that the neuroglia 
cells are certainly contractile, probably more so than the nerve cells 
proper. These authors speak of the expansion and retraction of the 
branches of the nerve cell. Certain drugs which depiess nervous action, 
such as chloroform and chloral, and certain conditions such as fatigue 
and sleep, are described as producing or being accompanied by retraction 
of cell branches in the nerve cells of cortex cerebri, cerebellum, and 
elsewhere. The retraction of the cell processes is supposed to withdraw 
the cell from its connections with its neighbours. Interruptions in the 
chains of conduction for impulses can thus be brought about. There is 
much that is at any rate simple in this view, and I have attempted to 
apply a test to it in the case of a certain place of linkage in the spinal 
-cord. 

A place of linkage as well known perhaps as any in the central 
nervous .system is that between, the afferent fibre of the sensory spinal 
root and the motor nerve cell of the ventral horn of the spinal cord. I 
have attempted to examine what happens when the conduction across this 
link becomes under certain circumstances difficult. It is well known that 
to judge by their reflex effects afferent nerve fibres are more easily 
excitable through their end organs than from their cut ends ; in other 
words, reflexes are more easily elicitable from the surfaces of the skin 
than from the cut ends of cutaneous nerves. The depression of function 
in this case seems to occur at the synapsis between the spinal end of the 
afferent fibre and the motor cell of the ventral horn with which it is 
usually in facile connection. It may be because the severance of the 
nerve fibre breaks that tonic action (postulated in it as the basis of 
muscular tonus) which streams along it inwards from its peripheral 
Bcnsifacient endings. Some peculiar depression of conductivity does seem 
to be produced between it and the motor horn cells, for the section of 
the afferent roots to a spinal region renders extremely difficult the obtain- 
ing of a reflex from the ascending stem of the root-fibres that have been 
transected — that is, the connection between the afferent spinal fibre and 
the motor spinal cell becomes more difficult in consequence of mere sever- 
ance of the afferent spinal fibre from its own parent cell. The question I 
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would raise is the following : Is this increase of resistance in the neural 
conduction due to change in the mutilated afferent nerve cell — retrac- 
tion of its cell-processes withdrawing them from their normal apposition 
against the motor cell- -or is it due to change in the motor cell or its pro- 
cesses — e.y.^ retraction of its dendrites. 

The subjoined observations throw, I think, some light on this point. 

1 . In the monkey and cat after spinal transection at the top of the cervical 
region flexion of the hind limb can be elicited by stimulation of the skin 
of the fore limb of the same side — e.g.^ forepaw. Section of the afferent 
spinal roots of the hind limb, sets aside this reaction. 

2. Similarly, in monkey and cat excitation of the pinna of the ear 
elicits flexion in the hind limb of the same side of the body, but section 
of the afferent roots of the nerves of the hind limb sets the reaction aside. 

3. When, after transection on the cerebral side of the pons in cat, the 
condition of extensor rigidity which I have described elsewhere (Proc. 
11. S. 1896), and termed ‘decerebrate rigidity,’ has set in, severance of the 
aflerent roots of the nerves of the limbs immediately abolishes this rigidity. 

It would appear from these observations, therefore, that the severance 
of the afferent roots exercises an effect upon the motor nerve cell itself. 
The effect is such as to cause some change in the motor nerve cell that 
makes it less accessible not only to the afferent fibres which have been 
ruptured from their own parent nerve cells, but also to various other 
afferent fibres. 

An objection may be raised against this conclusion on the ground that 
the mere operation of section of a number of afferent nerve roots involves 
necessarily the opening of the vertebral canal and the laying bare of a 
portion of spinal cord, and that that may of itself depress all the functions 
of all the elements in the spinal cord thus treated. This consideration 
appears to me a very valid one, and I believe that as a necessity the 
operative procedure does tend to depress the activities of the cord where it 
is exposed. But the following observations, I think, show that the depres- 
sion of conduction cannot be explained in the above cases by the mere 
influence of the operation. 

1. The excitation of the pyramid tract becomes rather more effective 
after the section of the afferent roots than it was before ; that is, the 
connection between the endings of the pyramid tract fibres and the motor 
cells of the ventral horn are more easy and patent than previously ; that is, 
an exaltation of function instead of a depression has occurred in this 
nexus. 

2. In the monkey and cat, after spinal transection at the top of the 
cervical region, although it is easy to obtain flexion of the hind-limb by 
excitation of the fore-limb of the same side of the body, or of the pinna of 
the ear of the same side as the hind-limb in which the reflex movement 
occurs, it is extremely difficult -in my experience often altogether impos- 
sible — to obtain from one fore-limb or pinna any movement of the hind 
limb of the crossed side. After section of the afferent roots of the nerves of 
a hind-limb it becomes compaiutively easy, however, to elicit in the crossed 
hind-limb movements by excitation of fore-limb and pinna of the same 
side of the body as that upon which the afferent roots have been severed. 
But to cut the afferent roots both sides of the spinal cord were in the 
preliminary operation laid bare. 

It seems, therefore, that severance of the afferent fibres to a limb, pro- 
bably by interrupting a normal continuous conduction along those fibres, 
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induces a change in the motor nerve cells upon which normally tlie con- 
tinuous afferent activity plays in such a way as to render the connection 
of the motor nerve cell closer with some afferent endings and less close 
with others. 

If increase of resistance to conduction at a synapsis, that is at a place 
of neural linkage, be due, therefore, to greater separation of nerve cell 
from nerve cell by retraction of cell branches, I would urge that it occurs 
in a very marked degree in the dendrite branches of the motor- cell of 
the ventral horn of the spinal cord. 

IV. On the Action of Reaqp.nU n'pon Isolated Nerve. Ihj A. D. Waller, 
M.D., F.R.S., and S. C. M. Sowton. 

A preliminary general account of the experiments we have made 
during the past year in prosecution ^ of the investigation of the Action of 
Reagents upon Isolated Nerve, may be given under the following heads : — 

§ 1. The influence of acids and alkalies upon currents of action. 

§ 2. The influence of acids and alkalies upon clectrotonic currents. 

§ 3. The influence of carbonic acid and of tetanisation upon electro- 
tonic currents. 

§ 4. The influence of alterations of temperature upon elcctrotonic 
currents. ' 

§ 5. Tlie action of some anaisthetics and of some alkaloids upon elec- 
trotonic currents. 

§ 1. The iiijlnence of (n-ids and aJhalicii npon corrects of action . — 
Experiments under this head were undertaken at an early stage of our 
investigation. We soon realised, however, that it would be desirable to 
postpone the prosecution of this branch of the subject until we should ha\e 
examined the more fundamental problems 'concerning the action of acacls 
and alkalies upon electrotonic currents (§ 2). The following summary 
statement will, ho\ve\'er, serve to convey an idea of the scope and tenor 
of this first group of experiments : — [M=: Molecular, N=Normal] 

Dilute acid solutions (M/40 to M/10) cause primary augmentation, 
followed by secondary gradual diminution of the negative variation. 

Stronger acid solutions (M/10 to M/5) cause primary diminution and 
abolition of the negative variation. 

Alkaline solutions at all effective strengths (M/OO to M/5) cause 
primary diminution and abolition. 

The effect of an acid solution is not in proportion with its ‘ avidity.^ 
Approximately equal effects are produced by decinormal acetic, nitric and 
sulphuric acids. “ But in the case of some other acids, equinormal solu- 
tions give markedly unequal eflects. Thus phosphoric acid is less active, 
and lactic acid is more active than nitric acid ; approximately equal (fllects 
being produced by N/5 phosphoric acid, by N/10 nitric acid, and by N /20 


* An account of jm'vious observations is given in tlie PItiL 7 runs. 11. S. for 1S‘)7, 
and in three papers publislied in ^ Pram' during 1890 and 1897. 


— 

— 

Strength 

Avidity 

2 Acetic acid . 

N/IO or M/10 

0-00 per 100 

4 

Nitiic acid 

K/IO or M/10 

0 02 per 1 00 

100 

Sulphuric acid 

N/10 or M/20 

0-49 per 100 

25 
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lactic acid. Lactic acid is more active than oxalic acid. Caustic potash 
is more active than caustic soda [and potassium salts are more active than 
sodium salts]. Approximately equal effects are produced by N / 50 potash 
and by N/15 soda. 

§§ 2, 3, and 4. Influence of acids and alkalies, of carbonic acid and of 
tetanisation, and of temperature, upon electrotonic currents, have foi’nied 
the chief subject-matter dealt witli during the past year. 

Short accounts of these investigations have been given by one of us in 
the Proceedings of the Physiological and of the Royal Societies ; ^ and 
the significance of the results obtained is considered in some detail in the 
5th and Gth of a series of ‘ Lectures on Animal Electricity,’ delivered at 
the Royal Institution (advance proofs of which are presented with this 
Report, together with copies of the papers mentioned in it). A short 
paper, published in the Proceedings of the Physiological Society,^ con- 
cerning the action of C ()2 upon muscle, arose from and is connected with 
our investigation on nerve. 

The general lines of our inquiry and its results liave been as follows : — ■ 

Electrotonic currents are extrapolar {iflects aroused in living medul- 
lated nerve. They are assuredly physiological as well as physical, inas- 
much as they are temporarily su})pressed by a rise of temperature to a little 
above 40°, and by the action of anaesthetic vapours. 

Normally, in frog’s nerve, the A current (/.c., on the side of the anode) 
considerably exceeds the K current (i.c., on the side of the kathode). 
The ordinary magnitude of A is, to that of K, as 4 or 5 to 1. 

In consequence of a rise of temperature to 40°, the A current is 
diminished, the K current is increased. In any case the A/K quotient is 
decreased. In some cases it is reduced below unity, K being greater than A. 

The typical eflect of moderate acidification is a diminution of the A 
current and an augmentation of the K current (diminution of A/lv). 

With acidification below the degree termed ‘ moderate ’ the A current 
may be increased. With acidification above the degree termed ‘ moderate ’ 
the K current may be diminished. 

The typical eflcct of moderate basification is diminution of the Kcurrent. 

It thus appears that the K current is favoured by acidification, dis- 
favoured by basification, and that alterations of the A current are less 
uniform and characteristic. 

The effect of prolonged tt'faiiisntlon upon the K current is similar to 
that of acidification, viz. the Iv current is increasi'd. 

The elFects of tetanisation upon the A current are less uniform, viz. 
the current may be increased, unaltered, or diminished. 

There is a close resemblance between the effects of carbonic acid and 
those of prolonged tetanisation uj^on the A and K currents. This resem- 
blance (which is commented upon in some detail in the (3th of the ‘ Lec- 
tures on Animal Electricity ’) may be admitted to rank as confirmatory 
evidence of the principal conclusion previously arrived at from an exami- 
nation of currents of action, to the effect that ‘ the tetanisation of isolated 
nerve gives rise to a production of CO. 2 .’ 

§ 5. Action of anaesthetics and of alkaloids. — The scope of inquiry 
under this head is very extensive, and we are not yet prepared to give a 

* Act ion of temperature on electiotonic current^^, Proc. PJn/a'iolog. /.See., November, 
1806 ; J*roc. December, 1806. Action of acid.^ and alkalies on electrotonic 

currents, Proa. Physwlog. Ncc., January, 1807. 

^ Action of CO, on voluntary and on cardiac muscle, Proc. PJiysiolog. Soc.^ 
November, 1806. 



520 


REPORT — lS97. 


detailed and systematic report on any given portion of this Extensive field. 
All that we think desirable at this stage is to offer evidence of the physio- 
logical character of the electrotonic currents under our study, by showing 
that these currents are subject to modification by anaesthetic and other 
drugs. We have selected for this purpose reagents, the effects of which 
upon the currents of action were most familiar to us, viz. ether, chloro- 
form, and aconitine.^ 

Electrotonic currents are temporarily diminished under the influence 
of ether (about 50 per cent, vapour in air), permanently diminished under 
the influence of chloroform (about 10 per cent, vapour in air). As regards> 
the expression ‘ permanently,^ it should be remarked that it implies ‘ during 
an observation of reasonable length, generally one hour,’ for we have more? 
than once observed partial recovery at the end of several hours, and with 
a new transverse section to the nerve. 

[The question of structural disorganisation of nerve by ether and chloro- 
form vapour is dealt with in a separate report (Waller and Lloyd).] 

Aconitine hydrochloride in weak solution (1 in 1,000 saline) gives an 
augmentation of A and K ; in stronger solution (1 in 100) it gives a 
gradual diminution ending in abolition of A and K ; in solutions of inter- 
mediate strength it gives augmentation followed by diminution. In all 
the experiments upon which these statements are based the nerve was 
left to soak for one minute in the test-solution. 

V. Histological Changes in Medullated Nerve after Treatment ant Jo the 
Vapours of Nther and Chloroform^ and with CO^ By A. D. W ALLKR,, 
M.D.y and F. Seymour Lloyd. 

§ 1. Introductory Note hy Dr. AValler. 

The following observations form part of an investigation of the action 
of anaesthetic vapours on the electro- mobility of isolated nerve. A brief 
preliminary account of that investigation was given at the Liverpool 
meeting of the British Association (1896). The following fuller account 
deals principally with the practical bearings of the investigation. 

The question whether the alterations of electrical response effected by 
various re-agents depend upon gross and visible alterations of nerve 
substance presented itself to my mind at the outset of my observations, 
more especially in connection with the more or less pronounced toxic 
action of different anaesthetics, and has subsequently been urged upon me 
from several quarters ; together wdth the question whether the nerves 
under observation have been really living, and whether their alterations 
of response in consequence of re-agents has not possibly been due to gross 
physical disorganisation. 

This group of questions may be understood in two senses, one needing 
only a very brief and clear answer, the other requiring some little reason- 
ing, and probably further microscopic investigation. The answers I am 
about to give refer only to nerves submitted to volatile re-agents and to- 
three re-agents in solution, viz. KBr, NaBr, and Aconitine. 

{a) Briefly, there is under the conditions of my observations no visible 
alteration in structure of the nerve-fibre, but on prolonged exposure to 
reagents there are more or less distinctly visible alterations. Judged by 
the only sign available, viz., the negative variation the nerves have been 

^ The effects of ether, chloroform, aconitine, Arc., upon currents of action are 
described in ‘ Urain,' 1896, p, 43. Those of the two first-named reagents are also- 
described in the first two ‘ Lectures on Animal Electricity.’ 
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living, and the alteration of response has not been due to visible disorgani- 
sation ; moreover, where a recovery of response after more or less prolonged 
suppression was commonly observed or not observed in cases where it was. 
to be expected, for example, after ether, rarely after chloroform, after 
carbonic acid, not after aconitine. I have attached importance to the 
fact of recovery after temjiorary suppression as being evidence of an efFec't, 
which, though no doubt physico-chemical in last resort, may nevertheles.s 
be characterised as physiological. And the same remark is applicable to 
all those cases where there is a temporary augmentation of response. 

(6) A priori it may reasonably be supposed that any alteration of 
response depends upon some physico-chemical alteration of substance, 
visible or invisible. The degree to which we are able to extend our know- 
ledge of such material change de visu varies, and we may never draw the 
distinction between organic and functional, or material and immaterial, to 
correspond with the distinction that may happen to exist for us between 
visible and invisible. As regards the present investigation, it was sufficient 
at the outset to be assured of the physiological nature of the observed 
alterations of response ; the limit of visibility of the material alterations 
upon which these symptoms depended became a matter of secondary 
interest, that might or might not be of sufficient interest to excite histo- 
logical investigation. I have been too fully occupied with the purely 
physiological aspect of the subject to be able to give due time and care to- 
its histological prosecution, and all that I have learned in this direction, in 
particular the fact that teinporary alterations are visible in nerve under 
the temporary influence of aniesthetics, has been obtained from the careful 
observations of Mr. F. S. Lloyd. From his report it appears that under 
conditions of experiment considerably more severe than those obtaining 
in my galvanometrio investigation, alterations of structure so slight as 
hardly to be detected without the closest examination, and in some 
particulars difficult to distinguish from artifacts, are all that can be 
observed. The permanent and a fortiori the temporary abolitions of 
electrical response produced in my experiments have therefore not been 
due to gross disorganisation. 

§ 2. The Microscopic Changes noticed in Isolated Nerve, after treatment with 
Ether and Chloroform Vapour and with CO^, By Mr. Lloyd. 

The nerves of the frog were invariably employed, especially the sciatic- 
and popliteal nerves, also the dorsal cutaneous nerves. For ordinary 
work a simple glass thimble was employed, in which a. 
tightly-fitting cork was placed. The tube being half filled 
with ether or chloroform, as desired, a frog was pithed and 
a nerve dissected out as quickly and with as little injury 
as possible. This was lightly stretched on the under surface 
of the cork, and this replaced in the tube. The nerve 
thus having been exposed to the concentrated vapour 
(Et20, 50 per cent. ; CHCl;j, 12 per cent.) for as long or 
short a time as desired, the cork was withdrawn, and 
1 per cent, osinic acid solution substituted for the chloro- 
form or ether, the cork replaced, and the nerve ‘ fixed ’ by 
exposure to the osmic vapour for half to one hour. 

When, however, it was desired to study the microscopic- 
change in the nerve simultaneously with the passage of the 
required vapour over it, the following apparatus was 

employed : — 
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AB represents a cell composed of two parts, AA and BB, and made 
of wood or glass. The square BB is lirmly fixed on to a flat glass basis, 
and through two of its sides run and are firinly fixed glass tubes CC', 
opening into the space enclosed by the four sides of the cell. 

The movable top AA has a central circular aperture of about an inch 
diameter, and to its under surface is fixed ])y some adhesive a large 



coverslip (see line in diagram), so that when AA is placed on BB and 
clipped down we have a cell into which the tubes CC open. 

The following sketch (fig. 3) will show how it is used in conjunction 
with the required vapour : — 

The nerve is dissected out and lightly stretched on the under surface 
of the cover glass on the cover AA, which is then placed on BB, so that 
the nerve comes to be inside the cell. One tube C is then connected by 
rubber tubing with a wash-bottle containing water, the purpose of which 
is to keep the vapour moist as it passes over the nerve. The wash-bottle 
is connected with a Woolff’s bottle containing ether or chloroform, and 

Eio ,3. 



fitted with the bellows commonly supplied to freezing microtomes, to 
vaporise the ether. 

In studying the effect of CO 2 a Kipp’s apparatus is fitted on in place 
of the ether bottle and bellows. The cell can be placed under a low or 
high power of the microscope, and the changes observed simultaneously 
with the passage of the vapour. 

For the observation of the fresh nerve simultaneously with the passage 
of the vapour, it is convenient to employ nerves as small as possible. The 
nerves chosen for this purpose were usually the long slender cutaneous 
filaments seen on opening up the skin of the frog’s back. They possess 
the advantages of being small, and are removable in considerable lengths 
for observation with a minimum of damage, as they lie comparatively free 
in the subcutaneous lymph space. 
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In such a case, the changes in the nerve, as a whole, arc readily ob- 
servable, and moreover it is often possible to find fibres optically isolated 
at the extyeine edge of the bundle, so that individual appearances may be 
studied. 

^Lt other times, however, one of the popliteal nerves was taken, and 
after placing it in position on the slip, one end was quickly and lightly 
separated with mounted needles. In nearly every nerve thus treated 
were visible one or more fibres separated from their fellows for a short 
distance, rendering individual observation easier, the only drawback being 
that in this case the nerve must of necessity be more or less injured. 

When treating nerves for examination, after fixation^ by the ‘ thimble ^ 
method described above, obviously the size of the nerve was not a matter 
of importance, provided that the vapour was given sufficient time to 
penetrate the bundle. 

After medullated nerve fibres have been exposed in cither of tlie above 
ways to the vapour of ether, or chloroform, or to carbon dioxide gas, for 
periods varying from 2-5 minutes (according to the size of the nerve 
chosen) certain slight microscopical changes may be observed to have taken 
place in them. In most cases these changes are but slight^ and the fibres 
are not all equally affected. Some may show little or no change from the 
normal, while the rest show a more or less distinctly visible change. 

In observing a propanition, therefore, it is advisable to search it 
throughout for any of the differences from the normal state, to be subse- 
quently described, for it is not uncommon to only find a few fibres 
typically affected throughout a whole nerve trunk. 

The ‘ effects ' produced by ether vapour and by carbon dioxide are very 
similar, and usually slight, but the chloroform effect is generally marked 
in the majority of cases, and is a more thorough change, affecting most of 
the fibres of a nerve trunk. 

These effects are not easily visible in the fresh specimen, but are 
usually recognisable in tissue subsequently fixed and darkened by osrnic 
vapour, which was found to be the most satisfactory of several fixing 
agents tried. 

The histological changes fall under two headings : — 

{a) Changes in the appearance and consistency of the medullary 
sheath ; 

(h) Changes at the nodes. 

Ether Vapour . — The earliest effect is noticeable as soon as twenty 
seconds after the commencement of administration, a faint granularity 
appearing in the medullary sheath and slowly increasing for about thirty 
seconds. It is not an invariable result of the action of ether vapour, and 
is not always visible in the fresh specimen, but is usually present in the 
osmic preparation. It must be borne in mind that the myelin tends to 
become granular after death, and that granularity is often caused by 
manipulation, thus : — Granularity is invariably present at the cut ends of 
a nerve. 

Another change common to etherised nerve, which is made evident by 
the blackening action of the osmic acid, is the increased distinctness of 
the medullary segments or incisures, which appear rather more distinctly 
than in normal nerve, as light V -shaped markings on a darker ground. 

The most distinctive change, however, is at the nodes of Ranvier. 
(As has been before remarked, the change may be but slight, and does not 
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necessarily sliow in every fibre.) At some nodes there may be seen a 
slight approximation of the myelin on each side towards the centre of the 
node. Besides this, in several fibres, instead of the medullary sheath end- 
ing in a rounded extremity at the node, it seems to flow along the axis 
cylinder from one side to meet the myelin of the opposite side, producing 
an appearance fitly described by the term ‘ the waist effect.’ In specimens 
fixed in osmic vapour, and subsequently treated with carmalum, the axis 
cylinder is seen to traverse the node, and to be apparently there ensheathed 
by a delicate darkened covering continuous with the medullary sheath on 
each side of it. This would seem to indicate that there is actual fusion of 
the myelin of opposite sides across the node. In the smaller fibres the 
change may be so marked as to almost obliterate the appearance of the 
node. The ‘ waist effect ’ is seen in many fibres usually, the approxima- 
tion perhaps in but few. 

The nodal effect becomes visible after 1-2 minutes of administration, 
and is usually marked after 20-3 minutes. 

Etherised fibres do not reduce osmic acid so readily as normal fibres — 
i.e , they do not colour so deeply. 

Carbonic acid produces appearances in nerve very similar to etherised 
nerve, but rarely to such a marked extent. We find much the same 
appearances in the nodes ; granularity may be entirely absent. When 
present, it is usually coarse ; the incisures are even more distinct than 
in etherised nerve. In one or two cases the appearance has been so 
mrtrked as to give distinct prominence to the myelin opposite the 
incisures, the fibre having a knotted appearance comparable to that of a 
bamboo cane. 

The OO 2 effect is usually visible after two minutes’ administration. 

CO 2 nerves stain readily with osmic vapour. The consistence of the 
myelin seems to be somewhat altered by action of the CO. 2 , the medullary 
sheath tending to break up under manipulation rather more than a 
normal nerve would under similar treatment. 

Chloroform Vapour . — As in etherised nerve, granularity may be 
observed. It is of a somewhat finer nature than the granulation due to 
ether, and appears somewhat later. 

On examination of a fresh preparation, simultaneously with the 
administration of the vapour, there is sometimes seen comparatively early 
a slight approximation of the medullary sheaths at the nodes, followed by 
a gradual separation commencing shortly after, and reaching its height in 
about two to two and a half minutes. 

On fixing with osmic vapour, the darkening of the myelin shows at the 
nodes a distinct gap, visible plainly even under the low power. The 
medulla seems to taper along the axis cylinder for some distance on either 
side, and terminates in a ragged edge, which seems to suggest fusion with 
subsequent separation. Other nodes may, however, show no such tapering 
appearance, the medulla merely being retracted from the node. 

Provided that time has been given for the vapour to penetrate, the 
majority of fibres in a chloroformed nerve show the change, which is 
usually far more marked and more constant than the change in etherised 
or ‘ carbonised ’ nerve. 

The chloroformed nerve does not stain quite so deeply with osmiie 
vapour, as a normal fibre exposed for a similar time. 

The consistence of the myelin seems to be altered, it seems to become 
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more brittle, tending, even under careful manipulation, to break up into 
short lengths at irregular intervals. 

The incisures are visible, but are usually not nearly so prominent as in 
etherised or CO.2 nerve. The identification of specimens from a number 
of mixed slides is generally fairly simple, ^provided that the whole speci- 
men is thoroughly examined, and all the general appearances noted. 

If, however, the change is ill-marked, the identification may be a 
matter of great difficulty. Chloroformed nerve is the easiest to identify, 
as the change is readily visible, when present, in several fibres. 

It is sometimes hard to distinguish between etherised and CO^ nerve, 
the appearances being very similar. COg nerve is not usually very granu- 


Fig. 4. 



Normal. Ether. COj. • CHCI3. 


lar, like etherised nerve, and the incisures are usually much more 
prominent. 

VI. An Investigation of the Changes in Nerve-cells in Various Pathological 
Conditions, By W. B. Warrington, M,D,^ M.E,C,P, 

Professor Sherrington and Dr. Mott, in the * Proceedings of the 
Royal Society,' vol. Ivii,, have given an account of the influence which the 
sensory nerves have upon the movements of the limbs. From studying 
the conditions of the spinal cord in such cases I have been able to find 
marked changes in the anterior coronal cells. 

Thus, the altered functional state of the motor- cells, which occurs 
when the afferent impulses impinging on them are cut off, is accompanied 
by a structural change. 
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The roots cut were those of the cauda equina, and the cells most 
affected were found in the postero- lateral group. 

The typical picture of alteration in the cells is very characteristic. 

Using the methylene blue and erythrosin stain, as described by 
H. Held, the affected cell is somewhat enlarged, is stained red with a 
small amount of blue chromophilic granules at its periphery. The nucleus 
remains well marked, and gradually assumes an eccentric position. 
Finally, the cell is reduced to a hyaline- looking mass, and the nucleus 
entirely disappears 

Nissl and some others state that changes similar to those described 
above constantly occur in a cell after division of its axis cylinder. This has 
been especially investigated in the case of the oculomotorius and facial es 
jiuclei after section of the corresponding nerve-trunk. 

In several instances in which I divided the facial nerve at the stylo- 
mastoid foramen and the oculomotorius nerve intracranially, and made a 
subsequent examination of the nuclei, I was unable to find changes in 
the cells corresponding to the descriptions of these observers. 

Some of the cells certainly showed alteration in structure, but these 
were only a very small proportion, while similar cells were seen on tlie 
intact side. An account of this investigation will shortly be published 
in the STournal of Physiology.’ 


FJnjsiolo(fir(cl Applications of the Fhonograpli. — JReport hp the Lh/m- 
miitee, condstinci of Professor John G. M‘KENr)Ri(-K {(Jluunnan), 
Professor G. G. Murray, Mr. David S. Winoate, and Mr. John 
S. MMvENDRICK, 071 the Fhysiological Ajplicaf Ions of ike Pkovo^ 
(p'apjli, and on the Form of tJee Voice-curves made hp the Tnsirmnentd 

1. The work of the Committee has, during the past year, been still 
directed to improving the method by which the curves of the phonograph 
may be transcribed. The improved Phonograph -Recorder is fully described 
in the ‘ Proceedings of the Royal Society of Edinburgh ’ for session 
1896-7, and in the ‘ Science Lecture’ delivered by Dr. M‘Kendrick to the 
Philosophical Society of Glasgow, and published in the ‘ Proceedings ’ of 
that society for session 1896-7. 

2. The main results obtained by the Committee during the past year 
are contained in the following extracts from the lecture above referred 
to 

(1) Physical Constitution of Words. — First, with reference to speech, T 
wish to point out that wlien tlie record of a word is examined it is found 
to consist of a long series of waves, the number of which depends (1) on 
the pitch of the vowel constituents in the word, and (2) on the duration 
of the whole word, or of its syllables individually. There is not for each 
word a definite wave form, but a vast series of waves, and, even although 
the greatest care be taken, it is impossible to obtain two records for the 
same word precisely the same in character. A word is built up of a .suc- 
cession of sounds, all usually of a musical character. Each of the.se 
sounds, if taken individually, is represented on the phonograph-record by 

* See also Brit, Assoc. Reports for 1895 and 1896 ; and Transactions of the Royal 
Society of Edinburgh^ 1896. 
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a greater or less number of waves or vibrations, according to tlie pitch of 
the sound and its duration. The pitch, of course, will depend on the 
number of vibrations per sr'(*r)n<l, or per liundredth of a second, according 
to the standard we take, but tlie number of the waves counted depends on 
the duration of the sound. As it is almost impossible to utter the same 
sound twice over in exactly the same fraction of a second, or in the same 
interval of time, the numljer of waves counted varies much in different 
records. The rate per unit of tiine d(‘termines the pitch, the number the 
duration of the sound. In a word, these successive sounds blend into 
each other, and, in many records, tlie passage from one pitch to another 
can be distinctly seen. Tlie spcHich sounds of a man vary in pitch from 
100 to 150 vibrations per second, and the song sounds of a man from 80 
to 400 vibrations per second. The sounds that build up a word are chiefly 
those of the vowels. These give a sei-ies of waves representing a varia- 
tion in pitch according to the character of the vowel sound. In the 
record of a spoken word the pitch is constantly moving up and down, so 
the waves are seen in the record to change in length. It is also very 
diflicult to notice whei-e one series of waves ends and where another 
begins. For example, in the word Con-xtmi-ti-noph^ the predominant 
sounds are those of o-a-i-o-Ul^ and the variation in pitch is observable to 
the ear if, in speaking the word, we allow the sound of the syllables to be 
prolonged. If we look at the r(‘<‘ord of the word, we find these variations 
in pitch indicated by the rate of the waves, or, as the eye may catch this 
more easily, hy the greater or less length of wave, according to the pitch 
of the sound. The consonantal sounds of the word are breaks, as it were, 
ill the stream of air issuing from the oral cavity, and these breaks (I am 
not discussing the mechanism at j^resent) produce sounds that have also 
often the character of vowel sounds. Thus, at the beginning of ‘ Con- 
stantinople,’ we have, as will be observed on pronouncing the syllable very 
slowly, the sound ilk/io. This sound is represented in the record by a series 
of waves. Then follow tlui wav(‘s of t\w vowel Next wo have the 
sound ')m (driving the aii through the nose), also represented by a series 
of waves. Next the hissing sound which has first something in it of 
the vowel c or i, and them the iss-s. This sound also is shown by a series 
of waves. Then there is which has a double series of wa\es — (1) those 
for it or t, and the next for a. This passes into the prolonged vowel 
this into m, then a long o, then a sound like and, lastly, the sound illy 
a sort of double-vowel sound. As so many of these sounds have the 
character of vowels, it is impossible, by an inspection of the record, to 
say where one sot of waves begins and another end^. There are no such 
breaks corresponding to the consonants ; the vibrations of the consonants 
glide on as smoothly as those of tlie vowels The number of waves pro- 
ducing a word is sometimes enormous. In ‘ Constantinople ’ there may 
be 500, or COO, or 800 vibrations. A record of the words ‘ Royal Society 
of Edinburgh,’ spoken with the slowness of ordinary speech, showed over 
3,000 vibrations, and I am not sure if they were all counted. This brief 
illustration gives one an insight into Nature’s method of producing speech 
sounds, and it shows clearly that we can never hope to read such records 
in the sense of identifying the curve by an inspection of the vibrations. 
The details are too minute to be of service to us, and we must again, fall 
back on the power the ear possesses of identifying the sounds, and on the 
use of conventional signs or symbols, such as letters of the alphabet, 
vowel symbols, consonant symbols, or the symbols of Chinese, which are 
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monosyllabic roots often meaning very different things according to the 
inflection of tone, the variations in pitch being used in that language to 
convey shades of meaning. 

(2) Remarks cm Analysis of Curves , — When human voice sounds are 
produced in singing, especially when an open vowel sound is sung on a 
note of definite pitch, the record is much more easily understood. Then 
we have the waves following each other with great regularity, and the 
pitch can easily be made out. Still, as has been well pointed out by Dr. 
K.. J. Lloyd, of Liverpool, a gentleman who has devoted much time and 
learning to this subject, it is impossible by a visual inspection of the 
vowel curve to recognise its elements. Thus two curves very similar, 
possibly identical to the eye, may give different sounds to the ear — that is 
to say, the ear, or ear and brain together, have analytical powers of the 
finest delicacy. No doubt, by the application of the Fourierian analysis, 
we may split up the periodic wave into a fundamental of the same period, 
and a series of waves of varying strength vibrating 2, 3, 4, 5, etc., times 
faster than the fundamental, and the relative amplitude of each of these 
may be determined. If all these waves of given amplitude and given 
phase acted simultaneously on a given particle, the particle would 
describe the vibration as seen in the original curve. Dr. Lloyd, however, 
is of opinion that even a Fourierian analysis may not exhaust the con- 
tents of a vowel, as it does not take account of inharmonic constituents 
which may possibly exist. Hermann ^ and Pipping have also been 
investigating the analysis of vowel tones, and their investigations have 
revealed many difficulties. Hermann experimented with the ordinary 
phonograph, and obtained photographs of the movements of the vibrating 
glass plate. His curves are small, not unlike those seen in Koenig’s flame 
pictures. In many cases they have sharp points. This, however, may 
not interfere with analysis. Pipping’s curves were not obtained from the 
phonograph, but from the vibrations of a minute membrane made to 
represent the drum-head of the ear. His curves show large periodic 
waves with minute waves on their summits, and they suggest that the 
large waves may be vibrations due to the membrane itself. Not having 
seen the apparatus, and as the observations have been made by one well 
aware of the possibility of this error, I do not venture to do more than 
.suggest this difficulty, especially as I now show you a series of tracings 
on a glass plate very similar to those in Pipping’s figures. These were 
obtained by singing a vowel into a receiver furnished with a small mem- 
brane, to which a recorder was attached. The glass plate (smoked) moved 
rapidly across in front of the marker. Alongside of these you will see 
curves obtained directly from the recorder attached to the glass disc of a 
phonograph. In the second you see waves more like those of Hermann. 
The larger waves in the tracing, like that of Pipping, are, I believe, due, 
in my experiment, to the vibrator, and do not represent the glottal 
vibrations. This conclusion is strengthened by noting the pitch of the 
sound, as made out by counting, not the larger, but the smaller waves, 
which corresponds to that of the vowel sound. I therefore think that 

' Hermann, ‘Ueber dnsVerhalten derVocale amneiien EdisonschenPhonogrraphen,* 
Pflufjer'g Arcliiv, Yo\. xlvii., 1890; also ‘ Phonophotographische Untersuchungen/ o^. 
cit , ii. and iii. 

2 Pipping, Om Klargfargen lios sjuvgna VoJcaler. Discussed in Dr. Lloyd’s 
paper on the ‘ Interpretation of the Phonograms of Vowels.’ Jl. of ATiat, and 
Fhysiolog., 189G. 
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argument should be based only on records obtained from the phonograph 
itself, which is furnished with a vibrator that will not record its own 
periodic vibrations unless the sound be remarkably intense. In ordinary 
voice production and in ordinary singing the vibrator of the phonograph 
faithfully records only the pressures falling upon it — no more and no 
less. 

(3) Recordimj Intens^ity of Tonpfi. — I shall now show you another 
method of recording, not the individual vibrations of the phonograph, but 
the variations in intensity of the sounds of the phonograph — the inten- 
sities of individual notes and chords. I was led to use this method by 
becoming acquainted with an instrument devised by Professor Hurthle, 
of Breslau. He has succeeded in recording the vibrations of the sounds 
of the heart. I saw that his instrument was very useful, and 1 adapted 
it to the particular purpose in hand. Hiirthle’s instrument is an electro- 
magnet acting on a metal plate connected with the elastic membrane of a 
tambour. Another drum is connected with the first by an india-rubber 
tube. The metal plate of the first tambour is pulled down by the electro- 
magnet 'j thus the air is ra relied in the tube and in both tambours, and 
the lever of the sec(jnd tambour moves. The next instant the lever flies 
back. We shall now connect Oraham’s variable resistance apparatus with 
the phonograph. As sound waves fall on it a change is produced in the 
current passing through the electro-magnet ; the latter acts on its tam- 
bour ; a variable pressure is communicated to the other tambour ; and if 
tlie lever of the latter is brought against a revolving drum, a tracing is 
obtained. Mach note and each chord are recorded, so that you get a 
mechanical tracing of the variations of intensity. 

(4) Electrical Stimulation of the Fingers hy the Rhythm and Varying 
Intensity of Tone. — Now this experiment suggested another of a diHereiit 
kind. Suppose I send the current not only through the variable resist- 
ance apparatus above the disc of the phonograph, but also through the 
])rimary coil of an induction machine. The wires from the secondary coil 
pass to two platinum plates dipped in weak salt solution. I now set the 
phonograph going ; and when I put my fingers into the beakers contain- 
ing .salt solution, J feel the intensity of every note. The variation of 
intensity, the time, the rhythm, and even the expression of music, are all 
felt. I shall now place on the mandril of the phonograph a cylinder on 
which has been recorded another piece of music, which is much quicker. 
I now feel a seiies of electrical thrills corresponding to every variation of 
intensity of sound coming from the phonograph. That method shows that 
the nerves of the skin can be stimulated by irritations coming to it at 
the rate of the notes and chords of rapid music. Some of the notes pro- 
duced by the phonograph do not last longer than the five hundredth or 
six hundredth part of a second, but they are quite sufficient to stimulate 
the nerves of the skin, and, as I have pointed out, you can appreciate the 
variations of intensity. You can feel the long-drawn-out notes from the 
saxhorn or tiimibone. You feel the crescendo and diminuendo of 
rhythmic movement, and you can estimate the duration of the note and 
chord. You feel even something of the expression of the music. It is 
rather a pity to say that even expression is mechanical. It is undoubtedly 
mechanical when you deal with the records of the phonograph. A number 
of interesting questions of a physiological nature are suggested by this 
experiment. The skin is not a structure that can analyse tone or distin- 
guish pitch ] it cannot tell you the number of vibrations, although there 

1897. M M 
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is a curious approach to it. While it is not by any means accurate, you 
can distinguish tone of low pitch — very low tones — by a feeling of ‘ inter- 
mission.’ Experimenting in this way, you may stimulate by interrupting 
this circuit at the rate of 30 or 40 or 50 breaks per second, and yet the 
skin will tell you the individual breaks ; but when you get above that 
number you lose the consciousness of the individual breaks, and you have 
a more or less continuous sensation. The phonograph does not necessarily 
give you 50 or 60 stimuli to produce a sensation of a tone ; you do not 
inquire that number. I found that 8 or 10 per second may give you the 
sensation for a tone of any pitch. In the same way, you may be able to 
notice a sliglit dillerence up to perliaps 50 or GO, but above that the sen- 
sation seems continuous. It is not the number of stimuli that determines 
pitch, but the rate at which the stimuli affect the sense organ, whether it 
be ear or skin. Then the question arises. What is it in the skin that is 
irritated ? It is not the corpuscles. Tliey have to do with pressui'e. 
There is no organ, so far as we know, for the sense of temperature. You 
may say that the feeling is muscular. Possibly it may be so ; but the 
effect is most marked when the current is so weak as to make it unlikely 
that it passes so deep as to reach the muscles. 

(5) Jjirode of Communication vnth the Deaf - This experiment suggests 
the possibility of being able to communicate to those who are stone-deaf 
the feeling, or at all events the rhythm, of music. It is not music, of 
course, but, if you like to call it so, it is music on one plane and xciihout 
colour. There is no appreciation of pitch, or colour, or of quality, and 
there is no effort at analysis, an effort which, I believe, has a great deal to 
do with the pleasurable sensation we derive from music. In this experi- 
ment you have the rhythm which enters largely into musical feeling. On 
Saturday last, through the kindness of Dr. J. Kerr Love, I had the 
opportunity of experimenting with four patients from the Deaf and Dumb 
Institution, one of whom had her hearing up till she was eleven years of 
age, and then she became stone-deaf. This girl had undoubtedly a recol- 
lection of music, although she does not now hear any sound. She wrote jne 
a letter, in which she declared that ichat she felt was mxtsic^ and that it 
awakened in her mind a conscious something that recalled what music 
was. The others had no conception of music, but they were able to 
appreciate the rhythm, and it was interesting to notice how they all, 
without exception, caught up the rhythm, and bobbed their heads up and 
down, keeping time with the electrical thrills in their finger-tips. 

3. Specimens of the curves may be seen in two plates appended to the 
Science Lecture of the Philosophical Society above referred to. 

4. As the research will in future lie prosecuted with the aid of a grant 
from the Government Grant Fund of the Royal Society, the Committee 
does not desire to be reappointed. 
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TJig Ejjeris of Vrplone fUb'l Us Precnrsor^ v'hcii inf rodiiced 

ndo Iho CuriiliUioi}. — -Lderiiii of (djinmUin(\ coasistinij of 

IVofetSSor P. A. kSciiAFEK, F.R.S. {Chfunnaii)^ Professor 0. S. 
iSuEHi{lN(PiTLA, A.it.ib'., iVofensor 11. W. PoYCE and^ Professor W. H. 
TiioM]\sox (iSccret(tri/). {JJr((L('ib np hij ike Secretary d) 

The presi’iit report is to be regarded as a continuation of work the first 
results of wliicli were communicated by the Secretary of this Committee 
to the Pritisli Association (Section J) at its meeting in Liverpool last 
year, and afterwards published in the ‘Journal of Physiology/ vol. xx., 
Deceml^er 1S!)G, p. 4bo.^ 

Ili 0 chief conclusions then arrived at concerned the ellccts of Witte’s 
^peptone,’ and were — (1) That this substance in small doses— lielow 
1)'02 grm. per kilo— hastens the coagulation of blood in the dog, wlhle in 
larger doses retardation is brouglvt about, as other investigators have 
found. (2) That the well-known fall of lilood-pressure produced liy this 
substance wlien injected into the circulation is due to a peripheral influ- 
ence upon the neuro-inuscular apparatus of the blood-vessels. No 
influence on the. Aaso-motor centre was detected. (3) That the vaso- 
dilating inllueiice of Witte’s ‘ peptone ’ is not contined to vessels of the 
splanchnic region, but extends to other vessels also. 

This last conclusion was arrived at in an indirect way by observing tlie 
elfccts of Witte’s ‘ i)cptonc ’ on carotid blood* pressure when in jected during 
-f^xcitation of the spinal cord (after complete section), at the level of the 
third cervical vertebra, the great splanchnics on both sides having been 
] previously di\ idod. Neither time nor circumstances had then permitted 
tlu^ checking of this result by similar injections made during excitation 
of the sciatics, nor of the observation of plethysmographic variations of 
limb volume under similar conditions of experiment. 

Accordingly, in the work carried out during the past year which lias 
been entrusted to the Secretary, this was the first point to which attention 
was given. A similar method of observation was then applied in turn to 
the etibets of Wittes ‘peptone’ on the blood-vessels of the kidney and 
spleen. This was succeeded by an analysis of the eflects {a) on blood- 
coagulation, {(>) on general blood -pressure and peripheral vaso motor 
meclianism, (<’) on local vascular areas (limb, kidney, spleen) of thehtllow- 
ing substances — pure peptone, anti-peptone, deutero-albumose, proto- 
albumose and hetero-albumose. The investigation as regards the latter two 
substances is as yet too incomplete for publication, nor indeed can it be 
looked upon as more than preliminary for any of the substances mentioned. 

The contents of the present abstract may therefore be summarised as 
follows : — 

I. Effects of Wind s j^eptonc — 

{(t) On the blood-vessels of the limb ; 

(1)) On the blood-vessels of the kidney ; 

(c) On the blood-vessels of the spleen. 

‘ Thompson, ‘ Contribution to the Ph)’'siological Effects of “ Peptone ” when in- 
jected into the Circulation,’ Journ. of Physioloffj/y vol, xx. December 1890, p. 456. 

mm2 
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II. Effects of pure peptone — 

(a) On blood-coagulation ; 

(h) On blood-pressure and peripheral vaso -motor irritability ; 

(c) On the blood-vessels of the limb, kidney, and spleen respectively. 

III. Effects of anti-peptone — 

(а) On blood-coagulation ; 

(б) On blood-pressure and vaso-motor irritability. 

lY. Effects of dentero-alhumose dealt with in the same way as have 
been the effects of pure peptone. 

I. Effects of Witlrs Prjtfoiir. 

(a) On the blood-vessel s of the limb. Pletliysmographic observations of 
the volume of the limb were taken by Mosso^s method and compared with 
a simultaneous tracing of carotid blood-pressure. One or both sciatic 
nerves were divided and excited by a faradic current. In the earlier 
experiments an injection of Witte’s ‘peptone’ was made during this 
excitation, the excitation being also repeated subsequent to the injection. 
Later it was found more suitable to compare the results of an excitation 
oE definite strength, made after the injection, with the results of an excit.i- 
tion of the same strength made before the injection. 

rive experiments were performed, on dogs varying from 7'G to 
10*8 kilos in weight, and employing Witte’s peptone in doses of O’l, O’lo, 
and 0-2 grm. per kilo of body weight. 

The conclusions arrived at by this method support tliose expressed 
last year, viz., that Witte’s peptone produces a decided dilating effect on 
limb blood-vessels by lowering the irritabilioy of tlie peripheral neuro- 
muscular apparatus, to centrifugal impulses. The effect, however, dot^s 
not appear to be so pronounced on these blood-vessels as upon those of the 
splanchnic area. A dose of Witte’s peptone which is sutiicient to com- 
pletely abolish the effect of vaso- constrictive impulses on abdominal blood- 
vessels is only able to weaken their effect on blood-vessels of the limb. 

(b) On blood-vessels of the kidney . — A record of kidney volume was 
taken by means of iloy’s oncometer and oncograph. This was accom- 
panied by a tracing of blood -pressure. A solution of Witte’s peptone wa.s 
injected into the saplienous vein. In tlie earlier experiments one or both 
splanchnic nerves, or occasionally the spinal cord, was faradically excited 
during, and after the injection. This procedure was subsequently modi lied, 
and the effects of an excitation of certain strength made before the injec- 
tion, were compared with the results of the .same strength of excitation 
made after the injection. 

Seven experiments weni performed. The dogs employed varied in 
weight from 7*8 to 16*4 kilos, and the dose used in most cases was OT grm. 
per kilo. In a few experiments double this dose was employed. 

The conclusions arrived at from these experiments arc similar to those 
deduced concerning the influence of Witte’s peptone on limb blood-vessels. 
This substance produces a vaso-depressing influence on the blood-vessels of 
the kidney to a considerable degree, especially in the larger doses employed. 
The degree to which this influence extends is probably even less than 
that upon the blood-vessels of the limb, certainly less than that upon other 
vessels in the abdomen. 

fc) On the blood-vessels of the snleen . — A snlecn curve was taken bv 
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means of Schafer’s spleen box, or by a modification of it, made for the 
writer of this report, which allowed the organ to be surrounded by a 
layer of warmed oil, and thus prevented a loss of heat, otherwise liable to 
occur. This method of recording splenic undulations of volume was found 
to be much more satisfactory than that of Roy, and fully merits all that 
Professor Schafer has elsewhere said about it. Side by side with the 
spleen curve a tracing of carotid blood-pressure was recorded. 

Six experiments were performed, the dogs varying in weight from 
7 to 11*7 kilos. In most of the experiments a dose of 0‘15 grm. per kilo 
was employed. In one this was increased to 0*2 grra. The left splanchnic 
nerve in two of the experiments was divided and excited during the injec- 
tion. In the remainder either the spinal cord or the splanchnic nerves 
were excited, before and after the injection, with the same strength of 
stimulus, and the results compared. 

The results showed that the effects of Witte’s peptone on the blood- 
ve.ssels of the spleen were somewhat different from the effect of the same 
substance on renal and limb blood-vessels. 

In the first place it was noted that the spleen volume suffers less of a 
diminution from the fall of blood-pressure which immediately succeeds 
an injection of Witte’s peptone, and that this fall of the lever was soon 
replaced by a return to its ordinary level. 

Agreeing with this, it was found that the early effects of this substance 
on the peripheral irritability of splenic blood-vessels was very slight, 
decidedly less than the same effect on splanchnic vessels generally. Later, 
however, the contrary result was observed ; the splenic blood-vessels 
s(^emed then to be more influenced by Witte’s peptone than other vessels 
in the abdominal cavity. This was shown in the later stage by a decided 
rise of carotid blood-pressure on excitation of the spinal cord, unaccom- 
panied by any effect on spleen volume, while the contrary obtained at an 
earlier part of the same experiment. 

II, Effects of Pure Peptone. 

(a) On blood coa(j)ihit]on . — This was observed in four experiments, 
the peptone used being prepared according to the directions of Grosjean ^ 
and supplied to me by Dr. G. Grubler. The dogs used weighed from 
8*5 to 18*45 kilos, and in each case a dose of 0*2 grm. per kilo was 
employed. 

Ill all four cases coagulation was delayed from two to several hours. 
In one case coagulation occurred at the end of the former period ; in two 
others it had supervened next morning, the experiments having been per- 
formed in the afternoon. In the fourth case the onset of coagulation was 
not observed. 

These results agree with those of Grosjean, who found that pure pep- 
tone delayed but never wholly destroyed the coagulability of blood. 
Previous to Grosjean, Pollitzer had obtained inconstant results with 
ainpho-peptone — sometimes no effect, sometimes a variable amount of 
delay, on the whole his experiments leading to the conclusion that ampho- 
peptone exerts but slight influence on blood-coagulation. 

Whether peptone in smaller doses is capable of producing hastening of 
coagulation has not as yet been inv^&stigated. 

* Grosjean, ‘ L’action physiologique de la propeptone et de la peptone,’ Travauw 
du laioratoire de Zion Iridericq, tome iv. 1891-92, p. 45. 
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One other noteworthy eifect appeared in the Kamplcs of blood 
drawn in three of the above four experiments — viz., an unusually rapid 
sinking of the red corpuscles, leaving a perfectly colourless and clear 
plasma above. Within half-an-hour, plasma to the extent of one-third of 
the whole blood drawn appeared above the corpuscles, and within one 
hour this was increased to almost half, after wliich very little further sub- 
sidence was observed. It was in this condition that the blood and plasma 
coagulated. 

In the exceptional case curare had been administered ; the other dogs 
were not curarised . 

(b) 0)1 hloo(l-j))'PSii)ir<i and vatio-nioto)' iri'liahihtij. — Seven experi- 
ments, involving a record of blood -pressure, were made with Grosjean^s 
peptone. The dose employed was in all cases 0’2 grm. per kilo, and the 
weights of the dogs varied from 7*4 to 18-45 kilos. 

The general results obtained were the same in all, and showed that 
pure peptone causes a considerable fall of blood-pressure, and with this a 
lowering of vaso-niuscular irritability to central impulses. The degree 
and duration of the fall were neither so great nor so lengthened as with 
corresponding doses of Witters peptone, nor was the peripheral vaso-motor 
irritability depressed to the same degree. Thus, after a dose of 0’2 grm. 
per kilo of pure peptone, blood -pressure had usually returned to its normal 
level, and with it the response to vaso-motor excitation had likewise, 
almost, if not fully reappeared. 

These results are in accord with those of Grosjean. 

(c) On hlood-vessfAs of the. linib, kidne)/, and ,'<plern ret^pecfircly . — 
In three of the above expei-iments a record of the volume of each of one 
of these organs was taken, with the object of noting the effect of peptone 
on its blood-vessels. 

In all three organs it was found that the dos(^ employed produces a 
distinct lowering of peripheral vaso-motor irritability immediately follow- 
ing the injection. This, hov/ever, soon commenced to pass off, and within 
a short period the response, by a gradual return, assumed its normal 
proportions. 

With regard to any difference shown by the blood-vessels of these 
organs, little positive can be said based on a single experiment for each. 
So far, however, as this justifies remark, it would appear that limb blood- 
vessels are more affected by pure peptone than either renal or splenic. 

III. Effects (f Anti- peptone, 

(a) On Mood coagulation. — This was observed in seven experiments 
on dogs which varied in weight from 8*7 to 23*95 kilos. The doses em- 
ployed per kilo were Od grm. in one experiment, 0-2 grm. in four, and 
0*3 grm. in two experiments. 

In all of these, with one excei^tion, blood coagulation was hastened, in 
some markedly so. Thus, in one experiment with a dose of 0*2 grm. per 
kilo, coagulation time was reduced from 9 m. 30 sec. to 2 m. 0 sec. ; in 
another, with a dose of 0*3 grm. per kilo, from 3 m. 0 sec. to 1 m. 15 sec. • 
and in a third, with a dose of 0*1 grm. per kilo, from 5 m. 10 see. to 2 m. 4 5 sec. 

In the exceptional case, with a dose of 0’3 grm. per kilo., blood-coagu- 
lation-time was practically unaltered ; before injection time 3 m. 30 sec., 
after 3 m. 55 sec.. 

This result stands in marked contrast to those published last year in 
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the paper before referred to, concerning Witters peptone.' It was then 
found that this substance, in doses of 0*1 grm. per kilo, retards coagula- 
tion almost invariably, and the same effect was observed to be the rule 
with doses as low as onc-fifth this (quantity. Grosjean^ had also found 
coagulation to be delayed from one to ten hours by propeptone in doses of 
O'l grm. per kilo. Below 0*02 grm. per kilo a hastening of blood-coagu- 
lation was the rule. 

The result, however, is corroborated by those of Spiro and Ellinger,-'* 
published during the course of this research. These observers ' found a 
reduction of coagulation-time from eight to four minutes with a dose of 
0-G grm. per kilo. With regard to former investigators, it is to be remarked 
that Pollitzer'' did not find that anti-peptone (tryptone) produced any effect 
on the rapidity of coagulation, agreeing in this with Fano.'' It is pro- 
bable that neither of these experimenters used very pure products. 

Nor can the hastening effect of Witte’s peptone on blood-coagulation, 
in small doses, be attributed solely to an admixture with anti-peptone, since 
deutero-alburaose in certain doses, as will be shown later, has been found 
to hasten this process, while in other doses coagulation is markedly 
retarded. 

(b) 0)1 hloorJ-py'cs^iire . — Pollitzer evidently had noted that the effect 
of anti -peptone (try})tone) on blood -pressure was different from that of 
albumoses, since he makes an exception of it, stating that its effect is 
doubtful. In the present research it has been found that anti-peptone 
in its action on blood-pressure likewise contrasts with other products 
of protcid digestion. In doses of 0 2 grm. per kilo, after a very tran- 
sient fall immediately following the injection, blood -pressure i^eturns to a 
level, as a rule, somewhat higher than before the injection. This was ob- 
served also ill one of two experiments with doses of 0*3 grm. per kilo each. 
Ill the other, the fall lasted somewhat longer, but even here the duration 
of lowered blood-pressure was very temporary when compared with that 
of Witte’s peptone, minutes as compared with hours. 

Spiro and Fllingcr also state that they have found essential differences 
in the effects of this substance, amongst other things, on blood -pressure as 
contrasted with albumoses. They, however, reserve their results for future 
publication. It is interesting, as these observers point out, to note the 
contrast of this substance with that of the albumoses, out of which it 
arises, in view of the possibility that toxins and anti- toxins are similarly 
related as to origin. 

(c) 0)1 'peripheral raso~motor irritability . — As might be anticipated, 
this substance was not found to possess any depressing action on the tone 
of blood-vessels, either abdominal or general. On the contrary, in many 
cases a decided increase of irritability was shown. 


* Thompson, op. cit. 

- Grosjean, ‘ L’action physiologiquc do la propeptone et de la peptone,’ Traravx 
(hi laboratoire de Lhii Fredcrirq, tome iv. 1891-92, p. 45. 

“ Spiro and Ellinger, ‘ Dor Antagonismus gerinnungsbefcaxlendcr und gerinnungs- 
hemmender Stoffe im Blut, &c.’ Hoppe-Seylcr's Zcitsclirift f. physiologische Chemie, 
Bd. xxiii. (1897), Hft. 2, p. 121. 

< PoUiczer, ‘ On the Physiological Action of Peptones and Albumoses,’ Jovr)i. 
of Physiology, vii. (1886), p. 283. 

^ Fano, ‘ Das Verhalten des Peptons und Tryptons gegen Blut u. Lymphe,’ 
Archivf. Physiol., 1881, p. 277. 

® Spiro and Ellinger, op. cit. 
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Plethysmographic observations on the blood-vessels of the limb^ spleen, 
and kidney in this respect gave concordant results. 

IV'. Effects of Deutero-Albumose. 

(a) On hlood coagulation , — With regard to influence on blood -coagu- 
lation, this substance has been found to produce a marked hastening in 
certain of the experiments, while in others a marked retardation was 
observed. Nor can the difference be attributed to the amount of dose. 
So far this has proved irregular. 

Thus hastening has been obtained as follows : — 


Dose per kilo 

Coaaula^on Time 

Before 

After 


M s. 

M. S. 

0 05 grm. 

12 0 

3> 0 

0-20 „ 

5 0 

1 .30 

0-20 „ 

4 40 

4 r> 

0-30 „ 

1) 30 

1 0 


While retardation has been obtained as under : — 


Dose per kilo Coagulation Time 

Before After 

> 1 . 8 . 


0 075 grm. 

28 0 

Several hours 

01 

10 0 

>> »» 

0-1 

6 30 

»♦ M 

0 1 

7 30 

Not after 1 hour 

0 2 

5 50 

»» M 

0 2 

4 45 1 

Not after three hours. (Coagu- 
lated next morning. 


In the first two of the latter group of experiments there is reason to 
believe a somewliat overdose of curare had been administered, and also 
that this substance produces an effect on blood-coagulation. A new 
supply of this substance had just been obtained which proved to be very 
active. In these two experiments, with dogs 9*4 and 8 *5 kilos respectively, 
the dose actually given was only two cubic centimetres of a 1 -per-cent, 
solution. 

Further experiments are in progress which it is hoped will throw 
light on the want of uniformity in the effects of the above doses. 

(b) On blood-pressure and vaso-motor irritability. — Ten experiments 
were made in blood-pressure and recorded. The dogs varied in weight from 
7 to 18-1 kilos, the doses employed being 0-2 grm. per kilo in four experi- 
ments, 0*1 grm. in three, 0-3, 0-073, and 0*05 in one experiment each 
respectively. 

The general conclusion arrived at is that this substance produces a 
more profound and enduring influence on blood-pressure than pure 
peptone, but less than the same dose of Witte’s peptone. Deutero- 
albumose cannot therefore be regarded as the most potent constituent of 
Witte’s peptone. The experiments here recorded are in agreement with 
those of other observers on this point. 

(c) On blood-vessels of the liinb^ kidney.^ and spleoi respectively . — 
Observations were made on the effect of dcutero-albumose on limb blood- 
vessels in two experiments, using Mosso’s plethysmograph ; on those of the 
kidney also in two, employing Roy’s apparatus ; and on those of the 
spleen in four, with the modified Schafer’s spleen-box. 

The results showed that the vaso-motor mechanism of these organs 



ON THE PHYSIOLOGICAL EFFECTS OF PEPTONE. 


537 


is without doubt aflPected by doses of 0*1 grm. per kilo and upwards. 
The influence is not very marked, and is probably less than that on 
splanchnic blood-vessels other than those of the spleen or kidney. Nor 
did the effect last long ; as a rule it had begun to disappear within live 
minutes, and had almost if not wholly disappeared at the end of half an 
hour. 

In all the foregoing experiments the animals were fully anassthetised 
during the whole experiment by means of morphine and atropine 
administered hypodermically prior to its commencement. Afterwards, 
when necessary, a mixture of ether and chloroform was employed to main- 
tain the aniesthesia. Curare was given when the spinal cord or nerves 
other than the splanchnics were excited. 

The products employed were furnished to me by Dr. George Grubler, 
Dresden, and were with few exceptions injected into the external 
saphenous vein, dissolved in 50 to 60 c.c. of normal saline. 

It will be apparent that a considerable amount of work has yet to be 
done to make even the part of this research now reported upon complete ; 
while a large extent of the research has not as yet been carried sufficiently 
far for publication owing to want of time. When this is finished it is pro- 
posed to publish the whole, including the present part more fully written, 
with tracings, tables, and protocols of experiments. 


Fertilisation m Pluvophj/cece, — Interim Peport of the Committee, con- 
sisting of Prof. J. B. Farmer {Chairman), Prof. R W. Phillips 
{Secretary), Prof. F. 0. Bower, and Prof. Harvey Gibson. 

The Committee beg to report that the work in contemplation is progress- 
ing favourably. From its nature, however, it is best pursued in the 
summer months. They are not, tlierefore, in a position to make more 
than an interim report, and beg to apply for a renewal of the grant for 
another year. 


Preservation of Plants for Exhihitiooi. — Report of the Committee, con- 
sisting of Dr. D. H. Scott {Chairman), Professor Bayley Balfour, 
Professor Errera, Mr. W. GARDiNim, Professor J. R. Green, 
Professor M. C. Potter, Professor J. W. H. Trail, Professor F. E. 
Weiss, and Professor J. B. Farmer {Secretary), appointed to report 
on the best methods of preserving Vegetable Specimens for Exhibition 
in Museums. 

The Committee since presenting their interim report (see B.A. Report, 
1896) have continued their inquiries and investigations on the various 
matters referred to them. The result of these has been largely to confirm 
the statements already (loc. cit.) presented, to which reference may be 
made for details. Thus for preserving specimens in a liquid medium 
alcohol on the whole yields the best results, in spite of its decolourising 
action. Rapid killing and in some cases special methods of bleaching 
the specimens before immersion in the alcohol are additional precautions 
which it is desirable to observe. 
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Experiments have been made to obviate the excessive transparency 
which the more delicate parts (petals and the like) often assume when 
preserved in spirit by precipitating salts in the tissues, but they have not 
hitherto been attended with satisfactory results. 

Ft)r bulky objects, or for otliers in which flaccidity occasions no dis- 
advantage, formalin may be used in 5 per cent, to 15 per cent, of the com- 
mercial solution. It is cheaper than spirit, and in some cases preserves 
the colour of the specimen in a more or less natural condition for many 
months. This retaining of the colour, especially in the case of green 
tints, is usually more effective if the specimen, rapidly killed by steam or 
short submergence in strong alcohol, be treated for twenty-four hours or 
longer with a strong bath of copper acetate. 

Further details of experiments with other liquids will be found in the 
appendices of last year’s report. Where the specimens are not intended to 
be handled, drying in sand {vide appendix 1, loc. clt.) gives admirable 
results, and in many cases tlie natural colours are preserved. The extreme 
fragility of the specimens thus treated constitutes, however, a serious 
drawback when the objects are intended to be examined and handled by 
students. 

No better methods of mounting specimens for exhibition purposes have 
been devised than those in use in the Museum of the Koyal Botanical 
Gardens in Edinburgh, an account of which is included in the interim 
report already referred to. 

The Committee desire to express their thanks to those who have 
kindly given tliem assistance by communicating such results of their own 
observation and experience as were connected with the matters now under 
consideration. 
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SECTION A.— MATHEMATICAL AND PHYSICAL SCIENCE. 
President op the Section — Professor A. P. Forsyth, M.A,, I). Sc., F.R.S» 


TIIVBSBAY, AUGUST 19 . 

The President delivered the following Address : — 

Oi^E of the most important events of the past year, connected with the affairs 
this Section, has been the reception by the Prime Minister, Lord Salisbury, of a 
deputation to represent tlie need for the establishment of a National Physicnl 
Laboratory to carry out investigations of certain definite types. Such institution^ 
exist in France and Germany, and have proved of the highest usefulness in a field 
of worlc that includes the wide range from pure research to the most direct appli- 
cations of science to industry. The desire for such an institution in England has 
long been felt, and as far back as 1891 Professor Oliver Lodge, when presiding 
over our Section at the Caixliff meeting, argued in its favour. It has frequently 
been discussed since that date, particularly in 1895, when Sir Douglas Galton 
dealt with it so ably in his presidential address at Ipswich, and also in a communi- 
cation to our Section. The subject was then formally referred to a committee ot 
phy.sicists, who, at last year’s meeting in Liverpool, presented a report containing 
a working scheme for developing tlie Kew Observatory into an institution of Iht' 
desired character. The recommendations of the report were approved by a unani- 
mous vote of this Section; and were subsequently adopted by the Association. 
Thereupon a joint committee, representing the various scientific bodies throughout 
the United Kingdom interested in tlie matter, was constituted to further the plan : 
in particular, to urge upon the Government the establisliment of such a Laboratory, 
and, if possible, to obtain from them the funds which are a preliminary necessity 
for that purpose. It was a deputation from this joint committee which, headed 
by Lord Lister, waited upon the Prime Minister on February KJ last, llis reply 
to the deputation was manifestly sympathetic with the request ; and it is a satis- 
faction to be able now to say that the Government have appointed a Committee of 
inquiry, which will also consider whether standardizing and otlier work, already 
undertaken partially or wholly at the public cost, can fitly be a.ssociated with tlio 
new institution. 

After having said, by way of preface, thus much upon the chief event of the 
past year arising partly from our direct action, I wish to turn to the main line of 
my address, and to ask, for a brief time, your attention and your consideration for 
the subject of pure mathematics. If, remembering the brilliant address made 
at the Montreal meeting, you regret that Lord Kelvin is not again now 
occupying this position : or if, remembering the interest aroused by Professor 
J. J. Thomson’s address last year, you regret that the fascinating tale then opened 
is not being resumed by some one with imagination enough and knowledge enoiigl^i 
to continue it : I can, not unselfishly, share your regret. 
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It appears, however, from the practice of the Council and the General Committee, 
to be their policy that mathematicians belonging to the extreme right (if the phrase 
maybe used) shall from time to lime b(3 nominated to the presidency of the Section. 
It is, I think, the case that this Section has always had assigned to it the subjects 
of Mathematics and rhysics. In their development, pure mathematics has con- 
tinued to be associated with applied mathematics, and applied mathematics with 
physics. So far as I know, there is no suhstaiitial reason why any change siiould 
be made, and so far as I have been able to observe, there is a strong consensus 
of opinion tliat no change hy way of separation need he tried. Wide as is the 
range of our discussions, distracting as is the occasional variety in the matter of 
the papers we receive, the complexity of our Section, if in any respect a disadvantage, 
does not appreciably discount the advantages it otherwise secures. Specialisation 
in all our subjects h<as become almost a necessity for progress ; but excessive 
obedience need not be paid to that necessity. On the one hand, there will be 
danger of imperfect appreciation if a subject is so completely restricted to a few 
specialists that it is ignored by all but them ; and, on t he other hand, there will bo 
danger of unsound growth if subject and thinkers alike become isolated, and cease 
to take an active interest in tlie methods, the processes, and the results other than 
those which directly concern them. Accordingly, 1 tliink tliat our group of 
sciences, which form a continuous range, are better united than divided. 

Aristotle declared that it is unbecoming to praise the gods. Observing his 
canon, I shall say nothing as to the wdsdom and the justice of our Executive in 
sometimes selecting a pure mathematician to preside over this Section. I shall 
only appeal to your indulgence in accepting the opportunity they have thus given 
me of speaking more specially about my own subject. 

I make this appeal the more earnestly, for two particular reasons. One of 
these is based upon the conflicting views, popularly held and sometimes summarily 
expressed, about the subject and those who are addicted to it. It is true that tlie 
day has gone by, when it is necessary to give serious consideration to attacks upon 
mathematical studies, and particularly upon analysis, such as were made by 
the metaphysician Hamilton : attacks no longer thouglit w’orthy of any answer. 
Feelings of hostility, if ever they were widely held, have given way to other 
feelings, which in the mildest form suggest toleration and acquiescence, and in the 
most extreme form suggest solemn respect and distant w'onder. ]>y common con- 
sent, we are allowed without reproach to pursue our aims ; though those aims 
sometimes attract hut little sympathy. It is not so long since, during one of the 
meetings of the Association, one of the leading English newspapers briefly de- 
scribed a sitting of this Section in the words, ‘ Saturday morning was devoted to 
pure mathematics, and so there was nothing of any general interest ’ : still, such 
toleration is better than undisguised and ill-informed hostility. But the attitude 
of respect, I might almost say of reverence, is even more trying ; we mathema- 
ticians are supposed to be of a diflererit mould, to live far up the heights above 
the driving gales of controversy, breathing a rarer intellectual atmosphere, serene 
in impenetrable calm. It is diiiicult for us to maintain the gravity of demeanour 
proper to such superior persons ; and ])erhaps it is best to confess at once that we 
are of the earth, earthy, that we Iiave our differences of opinion and of judgment, 
and that we can even commit tlie Machiavelian crime of making blunders. 

The other of my reasons for claiming your indulgence is of a graver character, 
and consists in the difficulty of framing general explanations about the subject. 
The fact is that mathematics do not lend themselves readily to general exposition. 
Clifford, it is true, could lecture and enchant his audience: and yet even his 
lectures ranged about the threshold of the temple of mathematical knowledge and 
made no attempt to reveal the shrines in the sanctuary. The explanation of this 
initial difficulty is, however, at hand. Our vocabulary is highly technical, per- 
haps as technical as is that of moral philosophers : and yet even the technicality 
of a vocabulary can be circumvented by prolixity of statement. But the ideas 
and the subject-matter in any branch of our study, when even only moderately 
developed, are so abstract as to demand an almost intolerable prolixity of state- 
ment if an attempt is made to popularise them. Moreover, of the many results 
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obtained, tliert* ar(3 few that appeal to an unprofessional sympatliy. Adams could 
discover a new ])lanet by sulijecting observations made of the known planets to the 
most profouiia calculations; and the world, not over curious about the process, 
could appreciate the siguiticant result. But such instances are rare ; for the 
most part, our particular results must remain somewhat intangible, somewhat 
incomprehensible, to those who dwell resolutely and completely outside the range 
of mathematical knowledge. 

VVliat then am I to do ? It would be pleasant to me, though it might not 
prove satisfying to you, to discourse of tlie present state of one branch or of several 
branches of mathematics, and particularly to indicate what seem to he lines of possi* 
ble and probable growth in the future. Instead of pursuing this course, I shall keep 
my remarks of a general character as far as possible, and shall attempt, not merely 
to describe briefly some of the relations of pure mathematics to other branches of 
science, but also to make a bold claim that the unrestricted cultivation of pure 
mathematics is desirable in itself and for its own sake. Some — I should like to 
believe many- -who are lieve will concede this claim to the fullest extent and 
without reservation; but I doubt whether this is so in general. And yet the 
claim is one w’hich needs to he made before an English-speaking audience. For it 
is a curious fact that, although the United Kingdom lias possessed some of the very 
greatest of purci mathematicians in the second half of this century, the subject has 
time received hut a scant share of attention as compared with that which it has 
found in France, in Germany, in Italy, in Sweden and JNorway, or in the United 
States. 1 am not oblivious of the magnificent contributions to other parts of our 
-cience made alike by British leaders and British followers ; their fame is known to 
the world. But apathy rather than attention has been the characteristic feature of 
our attitude towards pure mathematics ; and it seems to me a raisfoidime, alike for the 
intellectual activity of the nation and for the progress of the subject, that English 
’bought has had relatively so small an influence upon its vast modern developments. 

Now it is not enough for my purpose to be told that the British Association 
includes all science in its scope, and consequently includes pure mathematics. A 
>talement thus made might be framed in a spirit of mere suflerance ; what 1 wish 
to secure is a recognition of the subject as one whicli, being full of life and over- 
flowing Avitb a power of growth, is w’-orthy of the most absorbing devotion. The 
most cursory examination of tlie opinions of scientific men leads at once to the 
(•(inclusion, that there are two views of the subject, both accurate so far as 
tliey go, liotli inadequate wli ether alone or combined, which to some extent 
<‘X])lain if they do not justify what may be called the English attitude in the past. 
Tiet mo deal with these in succession. 

One of these estimates has been framed by what is called the practical man ; 
he regards the subject as a machine which i.s to provide him with tables, as fur 
as tables can be calculated ; and with the simplest formulae and the most direct 
rules, whenever tables cannot be calculated. Uesiilts, not methods, are his want ; 
it is sufficient for him that an authoritative statement as to a result shall be made; 
all else is ignored. And for what is beyond, in the shape of work that does 
nothing to meet his special wants, or of the processes that have led to the results 
he uses, he cares little or nothing. In fact, he would regard mathematics as a 
collection of formuloe and an aggregate of processes to grind out numerical results; 
whatever else there is in it, may bo vain and is useless. In his view, it is to be 
the drudge of the practical sciences. 

Now it is undoubtedly an advantage in any case that labour should be saved 
and time economised ; and where this can be done, either h}’ means of calculations 
made once for all, or by processes that lead to results admitting simple formulation, 
any mathematician will be glad, particularly if his own work should lead to some 
such issue. But he should not he expected to consider that his science 
has thus fulfilled its highest purpose ; and perhaps he is not unreasonable if, when 
he says that such results are hut a very small part, and not the most interesting 
part, of his science, he should claim a higher regard for the whole of it. Indeed, 
I rather suspect that some change is coming ; the practical man himself is changing. 
The developments in the training for a profession, for example, that of an 
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engineer, and the demands that arise in the practice of the profession, are such as to 
force gradually a complete change of view. When I look into the text-hooks that 
he uses, it seems to me a necessity that an engineer should now possess a mathe- 
matical skill and knowledge in some directions which, not so very long since, 
could not freely be found among the professional mathematicians themselves. 
And as this change is gradually effected, perhaps the practical man will gradually 
change his estimate of the scope of mathematical science. 

I pass from the practical men to some of the natural philosophers. Many of 
them, though certainly far from all of them, expound what they consider proper 
and economical limits to the development of pure mathematics. Their wisdom 
gives V aned reasons ; it speaks in tones of varied appreciation ; but there can be 
no doubt as to its significance and its meaning. Their aim is to make pure mathe- 
matics, not indeed the drudge, hut the handmaid of the sciences. The demand 
requires examination, and deserves respectful consideration. There is no question 
of giving or withholding help in furthering, in every possible fashion and with every 
possible facility, the progress of natural philosophy ; there is no room for difference 
upon that matter. The difference arises when the opinion is expressed or the 
advice is tendered that the activity of mathematicians and all their investigations 
should be consciously limited, and directed solely and supremely, to the assistance 
and the furtherance of natural philosophy. 

One group of physicists, adopting a distinctly aggressive attitude in imposing 
limits so as to secure prudence in the ])nrsuit of pure mathematics, regard the 
subject as useful solely for arriving at results connected with one or other of the 
inches of natural philosophy; they entertain an honest dislike, not merely to 
investigations that do not lead to such results, hut to the desirability of carrying out 
such investigations; and some of them ha\ e used highly flavoured rhetoric in expres.s- 
ing their dislike. It would be easy — but unconvincing— to suggest tliai, with diu 
modifications in statement, they might find themselves faced with the necessity oi 
defending some of their own researches against attacks as honestly delivered* by 
men absorbed in purely practical work. But such a suggestion is no reply, for it 
does not in the least touch the question at issue ; and I prefer to meet tlieir con- 
tention with a direct negative. 

By way of illustration let me take a special instance : it is not seh^cted as being 
easier to confute than any other, but because it was put in the forefront by one of 
the vigorous advocates of the contention under discussion — a man of the highest 
scientific distinction in his day. lie wrote; ‘Measured [by the utility of the 
power they give] partial differential equations are very useful, and therefore stand 
very high [in the range of pure mathematics] as far as the second order. They 
apply to that point in the most important way to the great problems of nature, 
and are worthy of the most careful study. Beyond that order they apply to 
nothing.’ This last statement,, it may be remarked, is inaccurate ; *fbr partial 
difterential equations, of an order higher than the second, occur — to give nuirely a 
few examples — in investigations as to the action of magnt'tism on polarised light, in 
researches on the vibrations of thick plates or of curved bars, in the discussion of 
such hydrodynamical questions as the motion of a cylinder in fluid or the damping 
of air- waves owing to viscosity. 

Putting this aside, what is more important is the consideration of the 
partial diflerential equations of the second order that are found actually to occur 
in the investigations. Each case as it arises is discussed solely in connection with 
its particular problem ; one or two methods are given, more or less in the form 
of rules ; if these methods fail, the attempt at solution subsides. The result 
is a collection of isolated processes, about as unsatisfactory a collection as is the 
chapter labelled Theory of Numbers in many text-books on algebra, when it is 
supposed to represent that great branch of knowledge. Moreover, this method 
sutlers from the additional disadvantage of suggesting little or no information about 
equations of higher orders. 

But when the equations are considered, not each by itself but as ranged under 
a whole system, then the investigation of the full theory places these processes in 
their proper position, gives them a meaning which superticially they do not 
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exhibit) and indicates the way in which each solution satisfies the general con- 
ditions of existence of a solution. For the full theory of partial .differential 
equations of the second order in, say, two independent variables establishes the con- 
ditions of existence of a solution, the limitations upon the conditions which make 
that solution unique, the range of variation within which that solution exists, the 
modes of obtaining expressions for it when it can be expressed in a finite form, and 
an expression for the solution when it cannot be expressed in a finite form. Of 
course, the actual derivation of the solution of particular equations is dependent 
upon analytical skill, as is always the case in any piece of calculating work ; but 
the general theory indicates the possibilities and the limitations which determine 
the kind of solution to be expected. But not only does the general theory effect 
much by way of co-ordinating isolated processes — and, in doing so, lead to new 
results — but it gives important indications for dealing with equations of higher orders, 
and it establishes certain theorems about them merely by simple generalisations. 

In fact, the special case quoted is one more instance, added to the many 
instances that have occurred in the past, in which the utilitarian bias in the 
progress of knowledge is neither the best stimulus nor in the long run the most 
effective guide towards securing results. It may be — it frequently is — at first 
the only guide possible, and for a time it continues the best guide, but it does not 
remain so for ever. It would be superfluous, after Cayley’s address in 1883, to 
show how branches of mathematical physics, thus begun and developed, have 
added to knowledge in their own direction; they have suggested, they have even 
created, most fascinating branches of pure mathematics, which, when developed, 
have sometimes proved of reciprocal advantage to the source from which they 
sprang. But for proper and useful development they must be free from the 
restrictions which the sterner group of natural philosophers would lay upon 
them. 

Now I come to another group of natural philosophers who will unreservedly 
grant my contention thus far ; who will yield a ready interest to our aims and 
our ideas, but who consider that the possibility of applying our results in tlie 
domain of physical science should regulate, or at least guide, advance in our work. 
Some of these entertain this view because they think that possibility of early appli- 
cation is, in the last resource, the real test of useful development; some, because 
they fear that the profusion of papers annually published and the bewildering 
specialisation in eacn branch, are without purpose, and may ultimately lead to 
isolation or separation of whole sections of mathematics from the general progress 
of science. 

The danger arising from excess of activity seems to me unreal ; at any rate 
there are not signs of it at home at the present day, and I would gladly see 
more workers at pure mathematics, though not of course at the expense of attention 
paid to any other branch. But for results that aro trivial, for investigations that 
have no place inorganic growth and development, or in illustration and elucidation, 
surely the natural end is that they soon subside into mere tricks of ‘ curious pleasure 
or ingenious pain.’ However numerous they may be, they do not possess intrinsic 
influence sufficient to cause evil consequences, and any attempt at repression will, 
if successful, inevitably and unwisely repress much more. 

More attention must be paid to the suggestion that mathematicians should he 
guided in their investigations by the possibility of practical issues. That they are 
so guided to a great extent is manifest from many of the papers written in that 
spirit ; that they cannot accept practical issues as the sole guide would seem 
sufficiently justified by the consideration that practical issues widen from year 
to year and cannot he foreseen in the absence of a divining spirit. Moreover, if such 
a principle were adopted, many an investigation undertaken at the time for its in- 
trinsic interest would be cast on one side unconsidered, because it does not satisfy 
an external test that really has nothing to do with the case, and may change its 
form of application from time to time. 

To emphasise this opinion that mathematicians would be unwise to accept 
practical issues as the sole guide or the chief guide in the current of their investiga- 
tions, it may be sufficient to recall a few instances from history in which the 
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purely mathematical discovery preceded the practical application and was not an 
elucidation or an explanation of observed phenomena. The fundamental properties 
of conic sections were known to the Greeks in the fourth and the third centuries 
before the Christian era ; but they remained unused for a couple of thousand 
years until Kepler and Newton found in them the solution of the universe. Need 
1 do more than mention the discovery of the planet Neptune by Adams and 
Leverrier, in which the intricate analysis used had not been elaborated for such 
particular applications? Again, it was by the use of refined analytical and 
geometrical reasoning upon the properties of the wave-surface that Sir W. R. 
Hamilton inhered the existence of conical refraction which, down to the time 
when he made his inference, had been * unsupported by any facts observed, and 
was even opposed to all the analogies derived from experience.’ 

It may he said that these are time-honoured illustrations, and that objec- 
tions are not entertained as regards the past, but fears are entertained as regards 
the present and the future. Very well ; lot me take one more instance, by choosing 
a subject iu which the purely mathematical interest is deemed supreme, the theory 
of functions of a complex variable. That at least is a theory in pure mathematics, 
initiated in that region and developed in that region ; it is built up in scores of 
papers, and its plan certainly has not been, and is not now, dominated or guided 
by considerations of applicability to natural phenomena. Yet what has turned 
out to he its relation to practical issues ? The investigations of Lagrange and others 
upon the construction of maps appear as a portion of the general property of 
conformal representation ; which is merely the general geometrical method of 
regarding functional relations in that theory. Again, the interesting and important 
investigations upon discontinuous two-dimensional fluid motion in hydrodynamics, 
made in the last twenty years, can all he, and now are all, I believe, deduced from 
similar considerations by interpreting functional relations between complex vari- 
ables. In the dynamics of a rotating heavy body, the only substantial extension 
of our Itnowledge made since the time of Lagrange has accrued from associating 
the general properties of functions with the discussion of the equations of motion. 
Further, under the title of conjugate functions, the theory lias been applied to 
various questions in electrostatics, particularly in connection with condensers and 
electrometers. And, lastly, in the domain of physical astronomy, some of the most 
conspicuous advances made in the last few years have been achieved by introducing 
into the discussion the ideas, the principles, the methods, and the results of the 
theory of functions. It is unnecessary to speak in detail of this last matter, for 1 
can refer you to Dr. G. W, Hill’s interesting * Presidential Address to the American 
Mathematical Society’ in 1895; but without doubt the refined and extremely 
difficult work of PoincartS and others in physical astronomy has been possible only 
by the use of the most elaborate developments of some pure mathematical subjects, 
developments which were made without a thought of such applications. 

Now it is true that much of the theory of functions is as yet devoid of explicit 
application to definite physical subjects ; it may be that these latest applications 
exhaust the possibilities in that direction for any immediate future ; and it is also 
true that whole regions of other theories remain similarly unapplied. Opinion 
and divination as to the future would be as vain as they are unnecessary ; but my 
contention does not need to be supported by speculative hopes or uninformed 
prophecy. 

If in the range of human endeavour after sound knowledge there is one subject 
that needs to be practical, it surely is Medicine. Yet in the field of Medicine it 
has been found that branches such as biology and pathology must be studied for 
themselves and be developed by themselves with the single aim of increasing 
knowledge ; and it is then that they can be best applied to the conduct of living 
processes. So also in the pursuit of mathematics, the path of practical utility is 
too narrow and irregular, not always leading far. The witness of history shows 
that, in the field of natural philosophy, mathematics will furnish more effective 
assistance if, in its systematic development, its course can freely pass beyond the 
ever-shifting domain of use and application. 

What I have said thus far has dealt with considerations arising from the 
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outside. I have tried to show that, in order to secure the greatest benefit for 
those practical or pure sciences which use mathematical results or methods, a 
deeper source of possible advantage can be obtained by developing the subjecf. 
independently than by keeping the attention fixed chiefly upon the applications that 
may be made. Even if no more were said, it might be conceded that the unrestricted 
etudy of mathematics would thereby be jusrified. But tliere is another side to this 
discussion, and it is my wish now to speak very briefly from the point of view of 
the subject itself, regarded as a branch of knowledge worthy of attention in 
and for itself, steadily growing and full of increasing vitality. Unless some 
account be taken of this position, an adequate estimate of the subject cannot 
be framed ; in fact, nearly the greater part of it will thus be omitted from 
consideration. For it is not too much to say that, while many of the most 
important developmeots have not been brouglit into practical application, yet they 
are as trulj’- real contributions to human knowledge as are the disinterested 
developments of any other of the branches included in the scope of pure science. 

It will readily be conceded for the present purpose that knowledge is good in 
and by itself, and that the pursuit of pure knowledge is an occupation worthy of 
the greatest efforts which the human intellect can make. A refusal to concede so 
much would, in effect, be a condemnation of one of the cherished ideals of our 
race. But tlie mere pursuit or the mere assiduous accumulation of knowledge is 
not the chief object ; the chief object is to possess it sifted and rationalised : in 
fact, organised into truth. To achieve this end, instruments are requisite that 
may deal with the respective well-defined groups of knowledge ; and for one 
particular group, we use the various sciences. There is no doubt that, in this 
sense, mathematics is a great instrument; there remains for consideration the 
decision as to its range and function — are they such as to constitute it an inde- 
pendent science, or do they assign it a position in some other science ? 

I do not know of any canonical aggregate of tests which a subject should satisfy 
before it is entitled to a separate establishment as a science ; but, in the absence of a 
recognised aggregate, some important tests can be assigned which are necessary, and 
may, perhaps, be sufficient. A subject must be concerned with a range of ideas form- 
ing a class distinct from all other classes ; it must deal with them in such a way that 
new ideas of the same kind can be associated and assimilated ; and it should derive 
a growing vigour from a growing increase of its range. For its progress, it must 
possess methods as varied as its range, acquiring and constructing new processes in 
its growth ; and new methods on any grand scale should supersede the older ones, 
so that increase of ideas and introduction of new principles should lead both 
to simplification and to increase of working power within tho subject. As a sign 
of its vitality, it must ever be adding to knowledge and producing new results, 
oven though within its own range it propound some questions that have no answer 
and other questions that for a time defy solution ; and results already achieved 
should be an intrinsic stimulus to further development in the extension of know- 
ledge. Lastly, at least among this list, let me quote Sylvester’s words: ‘It must 
unceasingly call forth the faculties of observation and comparison ; one of its 
principal methods must he induction ; it must have frequent recourse to experi- 
mental trial and verification, and it must afford a boundless scope for the highest 
efforts of imagination and invention.’ I do not add as a test that it must 
immediately he capable of practical application to something outside its own range, 
though of course its processes may be also transfenahle to other subjects, or, in 
part, derivable from them. 

All these tests are satisfied by pure mathematics : it can he claimed without 
hesitation or exaggeration that they are satisfied with ample generosity. A 
complete proof of this declaration would force me to trespass long upon your time, 
and so I propose to illustrate it by references to only two or three branches. 

First, I would refer to the general theory of invariants and co-variants. The 
fundamental object of that theory is the investigation and the classification of all 
dependent functions which conserve their form unaltered in spite of certain general 
transformations effected in the functions upon which they depend. Originally it 
began as the observation of a mere analytical property of a particular expression, 
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interesting’ enough in itself, but absolutely isolated. This then suggested the 
inverse question : What is the general law of existence of such functions if they 
exist as more than mere casual and isolated occurrences? and how can they all be 
determined ? The answer to these questions led to the construction of the alge- 
braical theory of invariants for linear transformations, and subsequently to the 
establishment of co-variantive forms in all their classes. Next came the question 
of determining what is practically the range of their existence : that is, is there a 
complete finite system of such functions in each particular case ? and if there is», 
how is it composed, when in a form that ought to admit of no further reduction ? 
These questions, indeed, are not yet fully answered. 

While all this development of the theory of invariants was made upon 
these lines, without thought of application to other subjects, it was soon clear that 
it would modify them greatly. It has invaded the domain of geometry, and haa 
almost re-created the analytical theory ; but it has done more than this, for the 
investigations of Cayley have required a full reconsideration of the very foundations 
of geometry. It has exercised a profound iiiHiience upon the theory of algebraical 
equations ; it has made its way into the theory of differential equations ; and the 
generalisation of its ideas is opening out new regions of the most advanced and 
profound functional analysis. And .so far from its course being completed, its questions 
fully answered, or its interest extinct, there is no reason to suppose that a term 
can be assigned to its growth and its influence. 

As one reference has already been made to the theory of functions of a com- 
plex variable, in regard to some of the ways in which it is providing new methods 
in applied mathematics, I shall deal with it quite briefly now. The theory was, in 
effect, founded by Cauchy ; but, outside his own investigations, it at first made slow 
and hesitating progress. At the present day, its fundamental ideas may be said 
almost to govern most departments of the analvsis of continuous quantity. On many 
of them, it has shed a completely new light; it has educed relations between 
them before unknown. It may he doubted whether any subject is at the present 
day so richly endowed with variety of method and fertility of resource; its activity 
is prodigious, and no less remarkable than its activity is its freshness. All this 
development and increase of knowledge are due to the fact that we face at once 
the difficulty which even tlie schoolboy meets in dealing with quadratic equations, 
when he obtains ^ impossible’ roots ; instead of taking the wily x as our subject of 
operation, we take the still wilier x + y — 1 for that purpose, and the result is a 
transfiguration of analysis. 

In passing, let me mention one other contribution which this theory has made to- 
knowledge lying somewhat outside our track. During the rigorous revision to- 
which the foundations of the theory have been subjected in its re-establishment by 
"VVeierstrass, new ideas as regards number and continuity have been introduceiL 
With him and with others influenced by him, there has thence sprung a new 
theory of higher arithmetic ; and with its growth, much has concurrently been 
effected in the elucidation of the general notions of number and quantity. I have 
already pointed out that the foundations of geometry have had to be re-considered 
on account of results finding their origin in the theory of invariants and co- 
variants. It thus appears to be the fact that, as with Plato, or Descartes, or 
Leibnitz, or Kant, the activity of pure mathematics is again lending some assist- 
ance to the better comprehension of those notions of time, space, number, 
quantity, which underlie a philosophical conception of the universe. 

The theory of groups furnishes another illustration in the same direction. It 
was begun as a theory to develop the general laws that govern operations of substi- 
tution and transformation of elements in expressions that involve a number of 
quantities : it soon revolutionised the theory of equations. Wider ideas succes- 
sively introduced have led to successive extensions of the original foundation, and 
now it deals with groups of operations of all kinds, finite and infinite, discrete and 
continuous, with far-reaching and fruitful applications over practically the whole 
of our domain. 

So one subject after another might be considered, all leading to the same 
conclusion. I might cite the theory of numbers, which has attracted so 
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many of the keenest intellect's among men, and has grown to be one of the most 
beautiful and wonderful theories among the many in the wide range of pure 
mathematics ; or without entering upon the question whether geometry is a 
pure or an applied science, 1 might review its growth alike in its projective, 
its descriptive, its analytical, and its numerative divisions ; or I might trace the 
influence of the idea of continuity in binding together subjects so diverse as 
arithmetic, geometry, and functionality. What has been said already may, 
however, suffice to give some slight indication ■ of the vast and ever-widening 
extent of pure mathematics. No less than in any other science knowledge gathers 
force as it grows, and each new step once attained becomes the starting-point for 
steady advance in further exploration. Mathematics is one of the oldest of the 
sciences j it is also one of the most active, for its strength is the vigour of perpetual 
youth. 

In conclusion, a few words are due to the personal losses caused since 
our last meeting. It is but little more than two years since Cayley passed 
awav ; his life had been full of work, unhasting and unresting in the almost 
placid course of his great mental strength. While Cayley was yet alive, one name 
used to be coupled with his when reference was made to English pure 
mathematics; the two great men were regarded as England’s not unworthy 
contribution to the exploration of the most abstract of the sciences. These fellow- 
workers, diverse in temperament, in genius, in method, were bound by a friendship 
that was ended only by death. And now Sylvester too has gone ; full of years 
and honours ; though he lived long, he lived young, and he was happily active 
Until practically the very end. Overflowing with an exuberant vitality alike 
in thought and work, he preserved through life the somewhat rare faculty of 
instilling his enthusiasm into others. Among his many great qualities, not 
the least forcible were his vivid imagination, his eager spirit, and his abundant 
<?doqiience. AVhen he spoke and wrote of bis investigations, or of the subject to 
which the greater part of his thinking life had been devoted, he did it with tlie 
fascination of conviction ; aud at times — for instance, in his presidential address to 
this Section at JCxeter in 18G9 — he became so possessed with his sense of the high 
mission of mathematics, that his utterances had the lofty note of the prophet and 
the seer. 

One other name must he singled out as claiming the passing tribute of our 
homage ; for, in February last, the illustrious and venerable Weierstrass died. 
.He was unconnected with our Association ; but science is wider than our body, 
and we can recognise and salute a master of marvellous influence and unchallenged 
■eminence. 

Thus, even to mention no otliers, pure mathematics has in a brief period lost 
<lhree of the very greatest of its pioneers and constructors who have ever lived. 
We know their genius ; and the world of thought, though poorer by their loss, is 
richer by their work. 

Tho’ much is taken, much abides, and tho’ 

We are not now that strength which in old days 
Moved earth and heaven ; that which we arc, we are : 

One equal temper of heroic hearts, 

IMade weak by time and fate, but strong in will 
To strive, to seek, to find, and not to >ield. 

Knowledge cannot halt though her heroes fall : the example of their life-long 
devotion to lier progress, and the memory of their achievements, can inspire us 
and, if need be, can stimulate us in realising the purpose for which we are handed 
together as an Association — the advancement of science. 


The following Reports and Papers were read 

1. Rejoort on Seismological Investigations 
See Reports, p. 129. 



550 


REPORT— 1897. 


2. Report on Electrolysis and Elect ro-chemiUri/, 
See Reports, p. 227. 


3. On the Unification of Time. By JoRN A. Paterson, M.A.y 
President of the Astronomical and Physical Society of Toronto. 

(1) Time reckon J]ig, ns at present cocdiicted, presentsjcurious anomalies. The 
civil day begins at midnight and ends at the following midnight. The nautical 
day begins at noon and Concludes at noon of the next civil day. The astronomical 
day begins at noon and ends at the following noon ; it is therefore apparent that 
any given date may extend over or into three ditlerent days. 

(2) Principally through the efforts of members of the American Society of 
Civil Engineers and Mr. Sandford Fleming, now Sir Sandford Fleming, an inter- 
national conference was convened at Wasliington to consider the whole question 
of time reform. The representatives of twenty-live nations, as well as the 
Canadian representative named above, met accordingly in Washington in 1884 at 
the invitation of the President of the United States, and after a conference extend- 
ing over a month passed seven resolutions, the first live of which have been prac- 
tically and generally accepted by the civilised world. The sixth resolution of that 
remarkable conference was carried unanimously, and is as follows: ^That the 
conference expresses the hope that as soon as may he practicable the astronomical 
and nautical days will be arranged e\ery where to begin at mean midnight.^ 

(3) The question of time ridbrm remained in this position until the year 1893,, 
when the Astronomical and Physical Society of Toronto, in co-operation with the 
Canadian Institute, appointed a joint committee, with Sir Sandford Fleming as. 
chairman, to suggest the best means of ascertaining the views of astronomers 
throughout the world. This committee accordingly addressed by circular letter 
the following question to astronomers and other scientific men throughout the- 
world : — 

^ Is it desirable, all interests considered, that on and after January 1, 1901 
the astronomical day should everywhere begin at mean midnight? ^ 

The replies received were in number 171, of which 108 were favourable to the 
change, and 63 unfavourable. In classifying the replies from astronomers accord- 
ing to the countries from which they were received, 18, including England and the 
United States, were in favour of the change, and 4 were unfavourable to the 
change. Classifying the results according to the shipping, the countries favouring 
the change represent 65 per cent, of the world’s marine. 

(4) Captain W. Nelson Greenwood, of Lancaster, England, ably assisted the 
Astronomical and Pliysical Society of Toronto in obtaining the opinion of ship- 
masters on the question. The result was that 98 per cent, of those heard from 
were in favour of the change, rt‘presenting a total tonnage of 455,810. 

(5) An effort towards securing unanimity amongst the nations of the world 
lias been put forth bv the Astronomical and Physical Society of Toronto and the 
Canadian Institute by communications addressed to the Lords Commissioners 
of tlie Admiralty through his Excellenc}’^ the Governor-General. In June 1897 
the American Society of Civil Engineers passed a resolution in favour of the reform, 
and on June 26, 1897, the Royal Society of Canada passed a resolution to request 
the British Association to co-operate with the Royal Society and other Canadian 
societies to influence her Majesty’s Government to adopt the proposed change. 

(6) Hipparchus, the father of astronomy, counted his hours from midnight to* 
midnight. Ptolemy changed this and counted from noon to noon. The present 
system is a Ptolemaic error. In 1804 La 1*1 ace proposed to unify astronomical 
time with civil time, and it was so done until Le Verrier retrograded to the old 
system. Le Bureau des Longitudes in 1894 reported in favour of the sixth 
resolution of the Washington Conference. 

(7) Very many high authorities can be quoted, such as Sir John Herschel, 
Cleveland Abb^, Burckhalter, Comstock, J. E. Gore, Hadden, Garrett P. Serviss, 
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Captain Abney, Lewis Swift, Trouvelot, Dr. Max Wolf, Mendenhall, Mr. Christie, 
the English Astronomer Royal, and Commodore Franklin, who wrote these words 
from the United States Naval Observatory, Washington: — *Jt seems to be 
eminently proper that the nation which called the conference should be among 
the first to adopt its recommendations." The large shipping firm, Lloyds, are much 
in favour of unification. 

(8) If shipping interests, upon which the Empire so much depends, desire 
unification, the nautical astronomers, even though not a unit, should be asked to 
accommodate their practice to suit navigators. The nautical astronomer was 
made for the navigator, and not the navigator for him. 

(9) It is therefore hoped that the British Association for the Advancement of 
Science will lend its aid in bringing this subject before the nations of the world for 
final consideration. 


4. Preliminary Note on Photoyraphic. Records of Objective Combination 
Tones. By A. W. Rucker, F.R.S., R. W. Forsyth, and R. Sowteb. 

The method of detecting the combination tones by the resonance of a fork was 
the same as that used by Rucker and Edser {j Phil. Mag." 39, p. 341, 1896). The 
interference bands were thrown upon an opaque screen pierced with a narrow slit, 
behind which was a revolving cylinder covered with photographic paper. When 
the bands were undisturbed, the traces were parallel straight lines, but these 
became wavy when the fork was set in vibration. All the principal results 
obtained by Rucker and Edser were confirmed, and some new experiments were 
made with Kdnig’s wave-siren. 


FRJDAYy AUGUST 20. 

The following Papers were read : — 

1. On the Determination of the. Surface Tension of Water, and of certain 

Dilute Aqueous Solutions by means of the Method of Rii'fples.^ By 
N. Ernest Dorsey, Ph.D, 

The method employed is a development of that used by Lord Rayleigh. ^ But 
by mounting the mirrors on arms rigidly attached to the carriage of a dividing 
engine, and by viewing the light reflected from the surface of the liquid with a 
telescope mounted on the carriage and provided with a spider line, 1 have succeeded 
in measuring the length of the waves directly with the dividing engine, and with 
considerable accuracy. 

By means of a small lens the horizontal beam of light is rendered parallel 
before reflection from either mirror. The surface of the liquid was cleaned by 
means of a flexible brass hoop, as in Lord Rayleigh’s work. In reducing the results 
I have used Lord Kelvin’s complete formula. 

In a series of twenty-one determinations of the surface tension of water the 
average was 73 ‘24 dynes per centimetre at 18° C., or 76-98 dynes per centimetre at 
0° C. ; and the average departure of a single result from the mean of the entire 
series was only one-fifth of 1 per cent. This value differs from the one found by 
Lord Rayleigh by about 1 per cent., which is his estimate of the accuracy of his 
determination, and it agrees with the value found by an entirely different method by 
M. Sentis in February of this year. 

The concentration of the solutionswas varied from one-tenth normal to normal, but 
most of the work was on solutions more dilute than one-half normal, and hence these 
results are not strictly comparable with those obtained by others who have worked 
on solutions not so dilute ; but, on the whole, the values here found are in accord 

^ Published in the Physical Review, vol. v.. Nos. 27 and 28, Sept, and Oct. 1897, 
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with those obtained bj others. At these great dilutions the surface tension is a 
linear function of the concentration in every case studied. 


2. On a New Method of Determining the Specific Heat of a Liquid in 

terms of the International Electrical Units, By II. L. CallendaR, 

M.A., E.E.S.j Professor of Physics, and H. T. Barnes, M.A.Sc., 

Demonstrator of Physics, of McGill University, Montreal, 

In view of the probable adoption of the Joule or Watt-second as the absolute 
unit of heat, it becomes of special interest at the present time to make direct 
determinations of the natural thermal units in terms of the electrical standards 
now universally adopted. 

In recent years the specific heat of water has been very carefully determined in 
this manner by Griffiths, and also by Schuster and Gannon. These observers 
employed the usual calorimetric method, in which a mass of water is heated 
through a carefully observed range of temperature by means of a measured 
quantity of electrical energy. Although their methods differed widely in points 
of detail, their results agreed to within one part in a thousand with each other. 
But, as Schuster points out, the result so obtained by the electrical method for the 
specific heat of water differs by one part in 400 from the result obtained by direct 
mechanical measurements of Joule, Rowland, and Miculescu. 

Whatever the cause of this discrepancy, it seemed desirable to repeat the 
electrical comparison by an entirely different method, to avoid any possible source 
of constant error which may have remained unsuspected in the calorimetric method 
as usually practised. 

The method which we have adopted consists in passing an electric current 
through a fine tube, through which a steady current of liquid is flowing. The 
electrical measurements required are the current and the difference of potential 
between the ends of the tube. The thermal measurements are the steady difference 
of tenrperaturo and the quantity of liquid flowing in a given time. 

The electrical measurements are all made on one potentiometer, preferably a 
Thomson-Varley slide-box, and present no difficulty, as it is easy to keep the 
current steady to one part in a thousand for an hour or more, and there is no 
change in the resistance of the circuit. 

The difference of temperature between the inflowing and outflowing liquid, 
which is also very nearly constant throughout the duration of the experiment, ia 
measured by means of a difi'erential platinum thermometer. The instruments used 
for this purpose, consisting of a compensated slide-wire resistance box and pair of 
thermometers, are the same as were exhibited by Prof. Callendar at the con- 
versazione of the Royal Society in 1893, on which occasion the instruments were 
used for demonstrating the lowering of the melting-point of ice under one 
atmosphere of pressure. Readings can be taken to the ten- thousandth part of a 
degree on a rise of temperature of ten degrees. 

The current of liquid is kept steady by means of an automatic electromagnetic 
device, and the quantity flowing in a given time, the interval being also 
automatically recorded on an electric chronograph, is determined by weighing. 

It will be observed that in this method, as compared with that usually employed, 
since the temperature distribution is exceedingly steady, it is not necessary to 
determine the thermal capacity of the calorimetr tube with any degree of accuracy. 
The rate of external loss of heat is also much more steady and more easily 
determined, and there is no question of lag of the thermometers. 

The external loss of heat, which is generally the largest and the most uncertain 
correction in all calorimetric experiments, can, in the present instance, be made 
extremely small and regular by the expedient of enclosing the calorimetric tube, &c., 
in a glass jacket, which is exhausted as perfectly as possible and then hermetically 
sealed, so that the vacuum cannot suffer further change. The loss can also be 
measured and eliminated in a very simple manner. If observations are taken with 
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different values of the electric and liquid currents, the values in each case being 
adjusted to give the same rise of temperature, it is clear that the temperature 
distribution, and therefore the external loss of heat, will be very nearly the same. 
The total loss can be reduced to two or three per cent, of the heat supply on a rise 
of temperature of 10° C., and the residual difierences in any set of observations are 
but a small fraction of the total loss, and are easily corrected. 

We have so far applied the method only to the cases of water and mercury, 
which present most interest. There is no difficulty, however, in extending the 
method to the case of other liquids. We have made special arrangements for 
applying the method to the determination of the variation of the specific beat with 
temperature, for which purpose it is peculiarly suited, and was, in fact, originally 
devised. The apparatus may be inspected at the McDonald Physics Building. 
The essential parts were exhibited at the meeting. 

In applying the method to water we have found no difficulty in obtaining 
steady readings over the range 0° to 60°, and we hope to extend the result to 75°. 
Special arrangements, which have proved perfectly effective, are made to avoid 
loss by evaporation. 

The results of the observations cannot as yet be published, as they are not 
sufficiently numerous to merit attention, and still require the application of certain 
final corrections. The variation to be measured is so small that many of these 
corrections may considerably alter the result. 


3. O/i the Behaviour of Argon in X Ray Tubes. By H. L. Callendar, M.A.^ 
F.RB., Professor of Physics, and N. N. Evans, M.A.Sc., Lecturer in 
Chemistry, of AfcOill University, Montreal. 

In continuation of some experiments made by Professor Callendar in the early 
part of 1896, the authors have studied the behaviour of argon and some other 
gases in X Ray tubes of various types. The phenomena presented by a tube 
filled with carefully dried and purified argon are in many respects peculiar. Under 
certain conditions the gas appears to be absorbed with extreme rapidity, and with 
intense sputtering and heating of the kathode. The phenomena appear to depend 
on the complete elimination of hydrogen from the electrodes, as well as on the 
degree of vacuum in the tube and the intensity of the current. From experiments 
on other gases the authors conclude that hydrogen is the most suitable gas for 
X Ray tubes, and that as a rule the residual gas present is hydrogen. It is possible 
that the observed absorption of the argon is apparent merely, and corresponds to a 
sudden increase of the resistance of the tube at a certain stage of the exhaustion, 
and not to an actual disappearance of the gas. 


4. On the Fuel Srq^ply the Air Supply of the Earth. 

By Lord Kelvin, F.R.S. 

All known fuel on the earth is probably residue of ancient vegetation. One ton 
average fuel takes three tons oxygen to burn it, and therefore its vegetable origin, 
decomposing carbonic acid and water by power of sunlight, gave three tons oxygen 
to our atmosphere. Every square metre of earth’s surtace hears ten tons of air, of 
which two tons is oxygen. The whole surface is 120 thousand millions of acres, or 
610 million millions of square metres. Hence there is not more than 340 million 
million tons of fuel on the earth, and this is probably the exact amount, because 
probably all the oxygen in our atmosphere came from primeval vegetation. 

The surely available coal supply of England and Scotland was estimated by 
the Coal Supply Commission of 1871, which included Sir Roderick Murchison and 
Sir Andrew Ramsay among its members, as being 140 thousand million tons. 
This is approximately six-tenths of a ton per square metre of area of Great Britain. 
To burn it all would take one and eight-tenths of a ton of oxygen, or within two- 
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tenths of a ton of the whole oxygen of the atmosphere resting on Great Britain. 
The Gommission estimated fifty-six thousand million tons more of coal as probably 
existing at present in lower and less easily accessible strata. It may therefore be 
considered as almost quite certain that Great Britain could not burn all its own 
coal with its own air, and therefore that the coal of Britain is considerably in 
excess of fuel supply of rest of world rechoned per equal areas, whether of land or 
sea. 


5. A Canadian and Imperial llydrofjraphlc Surrey. By Alexander 

Johnson, J/.J., LL.D..^ Pm/esror of Mathemaiicii^ Vice- Principal^ 

McGill University, 

In 1884, at the Montreal meeting of the Association, a paper was submitted to 
Section A by the present writer, in consequence of which a Committee was 
appointed for the Promotion of Tidal Observations in Canada.’ The writer was 
made vSecretary, and subsequently Chairman. This Committee, supported by the 
Royal Society of Canada and by those specially interested in navigation, succeeded, 
after many delays, in getting the Canadian Government, in 1800, to make a grant 
for tidal observations, which were to include, not only the rise and fall of tide, but 
also the tidal currents. The grant was continued from that time until the present 
year, when it was reduced, so that the, survey of the currents could not bo con- 
tinued this summer, although an investigation of the utmost importance for the 
navigation of the St. Lawrence, more especially when the Fast Atlantic Line ’ is 
going to be established. Possibly the entire grant is imperilled. 

It is believed that this reduction would probably not Lave taken place bad 
there been in existence a fully organised Hydrographic Survey for Canada to 
advise the Government. The Royal Society of Canada had some time ago recom- 
mended the creation of such a department, and at its recent meeting in Halifax 
appointed a deputation to present its views to the Government. 

The work of such a department can probably be most effectively canied out 
with the co-operation of the Admiralty. 

The object of the present communication is to seek the advice and aid of the 
British Association in inducing the Imperial and Canadian Governments to act 
together in making the necessary arrangements, which, if found satisfactory, might 
possibly be extended to other colonies, and thus the basis of an ^ Imperial Hydro- 
graphic Survey’ might be laid. 


6. On the Specific Heat of Superheated Steam. 

By Professor J. A. Ewing, F.E.S., and Professor Stanley Dunkerley. 

The authors measure the amount of heat required to heat steam above its tem- 
perature of saturation by allowing dry saturated steam to pass through a porous 
plug and observing its temperature and pressure before and immediately after the 
passage. The total heat of the steam before passing the plug is known from the 
experiments of Regnault, and this is equal to the total heat of saturated steam at 
the pressure beyond the plug pltis the amount of beat required to heat steam at 
that (constant) pressure from the temperature of saturation up to the observed 
temperature. Hence the second of these two quantities of heat is found. In pre- 
liminary experiments the pressure beyond the plug was atmospheric, and the 
observations consequently related to the superheating of steam under atmospheric 
pressure. The experiments have not yet been carried far enough to determine 
with certainty what happens during the very first stages of superheating, hut it 
appears from the preliminary observations that the mean specific heat for the first 
ten degrees of superheating is less than the mean specific heat for larger amounts 
of superheating. At higher temperatures of superheating under this pressure the 
specific heat approximates to the value 0*48, as determined in the direct measnre- 
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ments of Regnault. It is the authors* intention to continue the experiments, and 
extend the method to higher temperatures and to higher pressures in order to 
obtain results that will he applicable to present engineering practice. 


7. Neto Varieties of Kathode Rays. By SiLVANUS P. Thompson, F,R.S. 


8. On the Spectra of Oxyyen^ Sulphur, and Selenium. 

By C. PuNfjE and F. Paschen. 

The spectrum of oxygen when an electric current is passed through a vacuum 
tube containing that body, and when no spark gap or Leyden jar is interposed in 
the circuit, closely resembles the spectrum of helium. It consists of six ^ series * of 
lines forming two sets of three each. Each set of lines is very similar to the whole 
spectrum of any one of the alkali metals. There is therefore no more spectroscopic 
evidence in favour of the supposition that helium consists of two elements than 
there is for oxygen. Under similar circumstances sulphur and selenium give out 
each a spectrum closely resembling one of the sets of three series. But we are not 
sure whether the other set does not find its analogy also. The three sets in the 
spectra of oxygen, sulphur, and selenium, which are analogous to one another, all 
consist of triplets of a very marked character, the difference of wave numl3era 
increasing as we pass from oxygen to sulphur and from sulphur to selenium in 
roughly approximate proportion to the squares of their atomic weights. The spec- 
trum of each of the three bodies, as a whole, is situated further to the side of the 
smaller wave numbers — that is to say, it consists of slower oscillations the greater 
the atomic weight of the body.^ 

9. The Injluence of Pressure on Spectral Lines, 

By J. Laumoii, F.R.S. 

A definite picture of the relations of the mtlier and matter is obtained by 
assuming the material molecule to be made up of electrons or intrinsic strain- 
centres m the tether." A system of electrons describing steady orbits round each 
other, after the manner of the bodies of a solar or stellar system, would represent 
a molecule ; any disturbance of this steady motion would induce radiation across 
the aether, which would last until it had reduced the motion again to a state of 
steadiness. The natural configuration of a molecule would, however, be tho 
unique one of minimum energy corresponding to its intrinsic constant rotational 
momenta, for the influence of radiation would set towards this configuration, and 
would not allow much departure from it. 

The wave-lengths of luminous radiation are about 10^ times the linear dimen- 
sions of the molecules ; thus the intrinsic luminous periods are those of rather 
slow periodic inequalities (in the sense of physical astronomy) in the orbital 
motions. This circumstance allows us to roughly appreciate the order of magni- 
tude of the influence of the surrounding medium on these free periods. On account 
of their slowness the lethereal oscillations which are governed by the inequalities 
of the orbits of the electrons are sensible over the space occupied by some thousands 
of molecules each way, and this number is so great as to tempt us to form an idea 
of the influence of these imbedded molecules by considering them to form a con- 
tinuous medium. If now the molecules were vibrating in a homogeneous medium, 
say, surrounded by simple mther, the free periods would vary inversely as the square 
root of the elasticity of this ambient medium, provided we could assume that 
change of the medium did not involve change of type of the steady intramolecular 
ol’bits. This latter circumstance, however, will also operate to alter the periods, 

* See IV^iedemann, Annalen, 61, p. 641, 1897. 

= Cf . Fhil. Trans., 1895, pp. 695-743. 
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and will be of tbe aame order of importance as tlie other. Now the effective elas- 
ticity of the gaseous medium surrounding the vibrating molecule, when thus 
treated as continuous, varies inversely as its dielectric constant. We should thus 
■expect on the above hypothesis that increase of pressure would lower the free 
periods roughly in the same ratio as it raises the square root of the dielectric 
constant. To reduce to figures : a shift of ^ of the distance between the D lines 
would correspond to 6X/X = i. 10“^, while the dielectric constant of air at 0° C. 
and atmospheric pressure is 1-OOOG. Thus this shift towards the less refrangible 
end would indicate a change of density of the surrounding air of the order of 
that due to a pressure of ^ of an atmosphere at 0° C. 

This would make the effect about 10- times too large for the observations : 
thus the main seat of the aether strain maintaining the vibrations of the molecule 
is the free aether immediately surrounding it, and the loss of stiffness due to the 
other molecules which are some way off diminishes the free periods only about 
10"^ times as much as if it were averaged right up to the vibrator. With 
similarly constituted lines, it is the relative shift 5X/X that is proportional to the 
change of density of the medium. 


10. Changes in the Wave- frequencies of the. Lines of Emission Sq^cctra of 
Elements. Jhj W. J. Humphreys. 

For more than two years t)ie best spectroscopic equipment of the Johns Hopkins 
University has been devoted chiefly to the study of changes in the wave-frequencies 
nf the lines of emission spectra. It was found, soon after the investigation was 
begun, that a change in atmospheric pressure about an electric arc, in which a 
substance was being volatilised, caused a change in the wave-frequencies of the 
spectral lines so produced. In studying this phenomenon a concave Howland 
grating of the largest size was used, and the electric arc was formed in a closed 
cylinder provided with a quartz window, the pressure being obtained by pumping 
air into this cylinder to any extent desired — usually till the gauge registered from 
six to twelve atmospheres. 

Besides a number of eye observations several hundred photographs were taken, 
and a large number of lines carefully measured. In fact, the spectrum of almost 
•every known metallic element has been examined at various pressures. 

No lines were found to shift more than a fraction (usually less than the tenth) 

of an Angstrom unit, but the shifts are of such regularity that as the work pro- 
gressed several interesting relations between the shifts of the lines, the conditions 
under which the lines are produced, and the elements producing them became 
evident. Some of these relations (given below) may be more or less accidental, 
while doubtless others of as great importance have been overlooked. However 
the labour of the investigation was spent in determining the facts in regard to the 
lines examined, and not in hunting after empirical relations. 

It is impossible, of course, in a mere abstract to enter into details of any 
description, and I shall therefore confine myself to the following summary of 
results. These are : — 

1. Increase in pressure around the arc causes all isolated lines to sliift towards 
•the red end of the spectrum. 

This is entirely independent of the manner of the lines spreading out, and is 
the same for a line when reversed as when it is fine and sharp. Even those lines 
which, like the sodium lines X3302 and X3303, spread to the violet give reversals 
that shift to the red. 

2. The shift is directly proportional to the increase of pressure about the arc. 

3. It does not depend upon the partial pressure of the gas or vapour producing 
the lines, but upon the total pressure. In other words, it is not affected by 
quantity of material in the arc. 

4. The shift of the lines seems to be nearly or quite independent of tem- 
perature. 
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6. The lines of bands, at least those of cyanogen and of aluminium oxide, are 
not appreciably shifted. 

6. The shifts of similar lines of a given element are to each other as the wave- 
lengths of the lines themselves. 

7. Different series of lines (as described by Kayser and Runge) of a given ele- 
ment are shifted to different extents. When reduced to the same wave-length 
these shifts are to each other approximately as one to two to four for the 
principal, first, and second subordinate series respectively. 

8. Similar lines of an element, though not belonging to a recognised series, are 
shifted eq^nally (when reduced to the same wave-length), but to a difi’erent extent 
than are those unlike them. 

0. Shifts of similar lines of different substances are to each other, in most 
cases, inversely as the absolute temperatures of the melting points of the sub- 
stances that produce them. 

10. The shifts of similar lines of different elements are to each other approxi- 
mately as the products of the coefficients of linear expansion and cube roots of the 
atomic volumes of the respective elements (in the solid state) to which they are 
due. 

11. Elements belonging to the same half of a IMendelejcff group give lines which 
shift proportionately to the cube roots of their respective atomic weights. 

12. The lines produced by those substances which, in the solid form, have the 
greatest coefficients of linear expansion have the greatest shifts. The converse is- 
also true. 

13. The shift of similar lines is a periodic function of atomic weight, and 
consequently may he compared witli any other property of the elements which 
itself is a periodic function of their atomic weights. 

A portion of this investigation was conducted jointly with Dr. J. F. Mohler, 
and the whole of it under the direction of Professor Rowland and Dr. Ames,, 
Directors of the Physical Laboratory of the Johns Hopkins University. 


11. An EocperimPMt with a Bundle of Glass Plates, 
; By Professor Silvanus P. Thompson, F.R.S, 


12. A Tangent Galvanometer. 

By Professor Silvanus P. Thompson, F.P.S. 


13. On the Constitution of the Electric Spark. 

By Aktiiur »Sciiuster, F.E.S. 

If the spark of a Leyden jar discharge is examined by means of a spectroscope* 
it is found that the metallic lines are not confined to the immediate neighbourhood 
of the poles, but are sometimes seen several millimetres away from the electrodes-, 
from which they must have been projected with considerable velocity. 

Plow to measure the velocity of projection has always .seemed to me to he a 
problem of interest. Apart from the information a knowledge of that velocity 
might givens concerning the mechanism of the spark discharge, it is not impossible 
that light might be thrown on some important points in spectrum analysis 
which are at present under discussion. Thus, for instance, if the speed with which 
a molecule is pushed forward into the centre of the spark depends on molecular 
weight, we might hope to separate from each other those lines of a spectrum which 
belong to different molecular combinations. 

At various intervals during a number of years I had made unsuccessful 
attempts to deal with this problem, when I became acquainted with the elegant 
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method used by Professor Dixon in some of his recent experiments, in which a 
photograph is taken on a film fixed to the rim of a rapidly revolving wheel. 

On trial it was found that the molecular speed is sufficiently small to he 
measured by this method. 

The experiments were conducted by M. Gustav Hemsalech, to whose care 
and skill their success is largely due. Without entering into a detailed descrip- 
tion of the apparatus it will be sufficient to say that the photographs exhibited 
to the Section were taken on a film moving with a linear speed of about 80 
in a direction at right angles to the slit of the spectroscope. While the air lines 
appear perfectly straight, though slightly broadened, the metallic lines are 
inclined and curved. The spark was taken from five Leyden jars, charged by 
means of a Voss machine, the distance between the electrodes being about 
1 cm. A single spark produces a good spectrum, reaching approximately from 
A = 6000 to X- 4000. 

Photograph I, is that of a spark taken between zinc poles on a stationary film. 
It serves to show the sharpness of the lines in a spectrum of zinc and air. 

Photograph II. was taken immediately after but on the moving film; the 
curvature of the zinc lines shows that the velocity of the molecules is gradually 
diminishing away from the poles. Close to them it must be very large. The 
average velocity up to a distance of one millimetre from the electrode is 
2000 “-^1, and at a distance of four millimetres. This is reduced to something 
like 400. 

Photograph III. The upper pole is still zinc, while in the lower pole a piece 
of metallic bismuth has been substituted. The three most refrangible ones, that 
at 4259, being the strongest of them, are decidedly more inclined than the zinc 
lines, while the lino 4660 seems almost straight. 

Photograph IV. The poles are again zinc and bismuth, but both poles are 
moistened with a solution of calcium chloride. The photograph reveals the 
curious fact that Bi 4259, which was very much curved on 77/., is now much 
less so. The comparison with Oa 4226 clearly shows the greater inclination of 
the calcium line. The latter is more inclined than II and K, and if the difference 
in molecular velocity is due to differences in molecular weight, this would show 
that II and K belong to a simpler molecule than 4226. 

I do not desire to express any opinion respecting the bearing of these experi- 
ments on the hypothesis of dissociation, as some of the photographs reveal rather 
puzzling appearances which must first be cleared up before any certain conclusions 
can be drawn. 

All the photographs show clearly that the luminosity of the metallic particles 
is a phenomenon subsequent to the discharge proper which takes place through the 
uir. Even close to the pole the brightest parts of the metal lines are displaced, as 
compared with the brightest part of the air line. If we could fix our attention 
■on a point halfway between two zinc poles we should see this point flash out 
twice with a dark interval between the luminosities. At the moment the spark 
passes, the air becomes luminous, and remains so for a period, which, in our 
experiments, did not exceed <^f second. After an interval of about 

50^00 molecules arrive at the centre of the spark, and remain 

luminescent for an appreciable time with diminishing intensity. The numbers 
are of course approximate, as they must depend on the intensity of the spark. 

The photographs submitted had been enlarged about five times, but a few 
prints taken from the original negatives were also shown. 

The experiments were made with comparatively rough appliances, and the 
optical arrangement was defective in several respects. A more perfect apparatus 
is in course of construction, and I hope to continue the research in conjunction 
with M. Hemsalech. The preliminary results which have been described are suf- 
ficient to show that the method is likely to furnish interesting information. 
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14:. A Reduction oj Rowland! s Vahie of the Mechanical Equivalent of Heat 

to the Paris Hydrogen Scale. By Wm. S. Day, Ph.D.^ Columbia 

University. 

The measurement of the meeliauical equivalent of heat made by Professor 
Henry A. Rowland at the Johns Hopkins University in Jialtimore in 1877-70 ^ 
is probably the best one that has thus far been made in 'which the heat was pro- 
duced by the expenditure of mechanical energy. Later careful determinations 
by electrical methods, however, give results higher by about one part in four 
hundred. The discrepancy may bo due to errors in the measurement of energy or 
in the measurement of temperature. Rowland’s measurement of temperature was 
ba‘=;ed on comparisons made between an air thermometer and three Baudin 
mercurial thermometers, by which he reduced his measurements to the absolute 
thermo-dynamic scale. It was the object of the investigation described here to 
compare these thermometers with the hydrogen scale of the International Bureau 
of Weights and Measures at Sevres, near Paris, and make a recalculation of his 
value of the mechanical equivalent accordingly. 

For this purpose three Tonnelot thermometers, which had been carefully studied 
at the International Bureau, and compared with their standards at several points 
of the scale, were obtained and compared with the three principal thermometers 
used by Rowland in liih experiment. These comparisons were made in a horizontal 
comparison tank designed and constructed for the purpose. Rowland’s thermo- 
meters were originally compared and used in a vortical position, but the horizontal 
position was chosen for these comparisons for several reasons of a practical nature. 
The pressure coefficients of the thermometers were measured, however, and a 
pressure correction was applied to each reading. In all other respects the attempt 
was made to use Rowland’s thermometers in the way in which he used them. 

The zeros of the d’onuelot thermometers were determined immediately after 
each measurement at any given tenqisrature. The ice used in taking the zeros was 
arlihcial ice, and was very pure. The thermometers were always read in taking 
zeros, and in the comparison tank, by means of a reading telescope and micrometer. 

From the comparisons made, corrections were obtained for each of Rowland’s 
thermometers, which, when a])plied to their indications reduced to the absolute 
scale by the tables given in his paper on the mechanical equivalent, would make 
them agree with the Baris hydrogen scale. From these corrections, Rowland’s 
value of the mechanical equivalent, was recalculated, taking into account each 
individual experiment, the thermometers used in it, and the number of observations 
made with each thermometer. The original values and the corrected values found 
in this way arc compared at several temperatures in the following table. The 
numbers are in tlu' (J (I.S. system and hydrogen scale, and represent the number of 
ergs required to raise the temperature of one gram of water one degree on the 
hydrogen scale. 


Temperature 

Old Vnlue 

Corrected 

Griffiths 

Schuster andGannon* 

O 

6 

4209 X 10^ 

1203 X 10* 



10 

4200 X 10‘ 

4196 X 10* 

— 

— 

15 

'lIS9xl0‘ 

1188x10' 

4200 X 10* 


20 

4]7i)xlO^ 

4181x10* 

4193 X 10* 

4191 xlO* 

25 

4 1 73x10* 

4] 76 x 10* 

4187x10* 


.30 

4171 X 10* 

4174 X 10* 

— 

! — 

35 

1 1 73 X 10* 

4175 X 10* 

— 

— 


These values give the same variation for the specific heat of water between 16° 
and 26° as Griffiths’ experiment does ; since if we divide Rowland’s corrected values 


' ProG. Am. Acad,. (15), 18711, p. 75, 
• Phil. Trans., 181)5, 18CA, p. 458. 
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at 16°, 20°, and 25°, by liis value at 16°, and do the same for Griffiths’ values, we 
get in each case as quotients the numbers 1, 0’998, 0‘997.^ 

This seems to indicate that the discrepancy between Rowland’s results and those 
obtained electrically is not one of thermometry, but an error in the measurement of 
energy, possibly in the standards of electrical resistance, or of electromotive force. 

[A note concerning these comparisons appeared in the Johns Hopkins University 
Circular for June 1897. The corrected values for the mechanical equivalent given 
in it differ a little from those given above, owing to a slight error in the method 
used at first in reducing the comparisons.] 


15. ^ Comparison of Roivland^s Mercury Thermometer vnth a Griffiths^ 
Platinum Thermometer. By R. Mallory and C. W. Waidnek. 


SATURDAY, AUGUST 
The ►Section did not meet. 


MONDAY, AUGUST 23. 

The Section was divided into two Department s. 

The following Reports and Papers were read : — 

Department I. — Mathematics and Physics. 

1. Report on Tables of certain Mathematical Functions. 
See Reports, p. 127. 


2. On the Solution of the Cubic Equation. By Alexander Macfarlane. 

In a paper recently contributed to the American Institute of Electrical 
Engineers the author showed that the two roots of a quadratic equation may 
'^always be viewed as a pair of conjugate complex quantities, either circular or 
hyperbolic. The real roots can be viewed as hyperbolic complex quantities. In 
this paper it is shown how the two binomials which occur in Cardan’s formula 
may be treated as complex quantities, either circular or hyperbolic ; and a general 
method is given for deducing all the roots of the cubic, whether the formula is 
reducible or apparently irreducible. The trigonometrical meaning is shown of the 
two non-real roots in the reducible case : they involve the cosine of an angle, 
which is partly circular, partly hyperbolic. 


3. The Historical Development of the Abelian Functions. 
By Dr. Harris Hancock. — See Reports, p. 246. 


4. On a Notation in Vector Analysis. By Professor O. Henrici, F.R.S. 

The notations in use to denote the different products of vectors are not suf- 
ficiently expressive, and not convenient in use. The author therefore proposes 

> Griffiths, Phil. Trans., 184 A, 1893, p. 361 ; Phil. May., 40, pp. 437, and 447, 1896. 

2 ‘ Application of Hyperbolic Analysis to the Discharge of a Condenser.’ 
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to inclose each product in brackets, and to indicate tbo nature of the products by 
the kind of bracket used, viz., round brackets for the scalar-product, square brackets 
for the vector-product. Thus, if small Greek letters denote vectors 

(a^) = scalar-product, 

[afi] ~ vector-product. 

Then is 

(«3) = Oa)i [a0]=-[3al. 

If neither a nor ^ vanishes, then is 

(a^) = 0 the condition that a 1^. 

[a^] = 0 „ „ „ /3. 

The product (aa) is denoted by a**. 

If sums of vectors are U) J)e multiplied, the factors are separated by a vertical 
line I . Thus the products of a + ^ into y are written (a + ^ [ y), See. Then is 

(a + ^ I y) = (ay) + (/3y) ; [a + ^ | y] = [ay] + [3y]. 

For these factors we have the products (n\_^y]) and [a[^y]]. In the former the 
law of association holds, and the square brackets may iJe left out, so that 

(a^y) = (a[3y]) = ([ai3]y). 

This is the volume of the parallelepiped, with a, (3, y as edges. (a/3y) = 0 is the 
condition that a, /3, and y lie in a plane. 

There is, besides, the formula 

[a[3y]]= (ay)3-(a^)y. 

These formulae contain the whole of the algebra of vectors as far as products 
are concerned. Division may bo altogether avoided. But it is sometimes con- 
venient to introduce the reciprocal to a vector a, viz., by (not --) is under- 

a 

^<tood a vector of the same direction and sense as a, but of reciprocal length. 
Then is 

, and (aa”^) = 1 . 

a- 

The author adopts Oliver Heaviside’s proposal of calling a vector whose magni- 
tude or tensor is the number 1, an * ort^ (from orientation). Hence if a is an 
ort, then is = 1, not the u?iit of lerujthy but tjie number 1. 

The author also adopts Maxwell’s right-handed system : «3y, taken in cyclical 
order, form a right-handed system if standing in a and looking towards /3, the 
third vector y points to the l^/t. The thumb, index-finger, and middle-finger, 
when spread out so as not to lie in a plane, form on the right hand a right-handed 
system, but on the left a left-handed. 

A right-handed system of three vectors mutually at right angles is called a 
right systoni. 

A right system of ‘orts’ he denotes generally by t,, i,,, The position 
vector of a point is denoted by p. If jgz are the rectangular coordinates (right- 
handed), then is 

p = + i^g + ijZ. 

Here ayz are lengths, not numbers. 

Another notation found convenient is in connection with Hamilton’s differential 
operator v (called nabla by Maxwell). Being of the nature of a vector, it com- 
bines with a vector-function according to scalar- or to vector-multiplication, 
forming {sjrf) and [ V^j. In the former the brackets can often bo left out. For 
the latter it is convenient to use a special symbol, viz., v, with an arrow-head put 
on top of it. As this requires a special type, formula) involving it are given on a 
sheet reproduced from writing. This new symbol is culled the vector-nahla. It 
is a symbol for Maxwell’s curl. 
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5. New Harmonic Analyses. 

By Professor A. A. Michelson and S. W. Stratton. 

6. The Mnltipartite Partitions of Numbers which possess Symmetrical 
Graphs in three Dimensions. By Major P. A, MacMahon, F.R.S* 

7. On the Quinquisection of the Cyclotomic Equation. 

By J, C. Glasiian, Ottawa. 

If r be a primitive root of the prime number^? = 5t + l, 

5 = 0, 1, 2, 3,4 

VoVi =/ Vo + .ovi + Hz + *73 +jnt 
VoV> = Ho + Ivi + ^^Vz + **73 + 77 1 
z = 6 r] + l, 

and 

5^ ^ 10^.3 _ 5^ .Vs' ~ -/>C = 0, 

then will 

A = 25(;^ + 7?)-2(p+1) 

4(B +;))-= A- -1 25(4 -w)'' 

{2C - A(B -/))} - = 125(4 - nf [ (B + 6py - 4^;A%^ . 

If 

a =» A + 5(4 — n) 
i3 = A-6(4-w)v'5 

y^ = a^ — 16p 

64t// =jt?(a + y)\Q - S) 

64y/=;7(a-y)0~a)*^ 

64y<^^ = p(a + y)(3 + 5)~ 

then will 

77« = 4( - 1 + yf-> + y + yf^) 

5 = 0,1, 2, 3, 4. 

Two tables followed the paper, Table 1 giving the values of f y, h ... 
Table 2 giving the values of the coefficients of the quintic in 77, for all values of p 
from 1 1 to 641 inclusive. 


8. A Kinematic Representation of Jacobies Theory of the Last 
Midtiplier. By J. Larmor. 

Consider steady flow, in a region defined by Cartesian coordinates (.r,, .r.^, ^*3), 
of fluid whose density M varies from point to point, but remains constant at the 
same point. If (Wj, W3) denote the velocity, the equations of the stream lines 
are the integrals of the differential system 

dx\ _ dx\ _ dx\ 

Suppose that one integral is known in the form 

^ (.I’l, .Tg, 5’j) - C, 
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then the flow takes place between surfaces represented by this equation. Thus 
we can consider separately the flow in the two-dimensional sheet between consecu- 
tive surfaces 0 and C + 80 ; and on the understanding that the equation of con- 
tinuity is satisfied, the lines of this flow will be obtained by equating a stream func- 
tion \jr to a. constant. For, take any two points P and Q on the sheet ; the steady 
flow per unit time across any curve PAQ on the sheet must be equal to that across 
any other curve PBQ, provided there is no sink in the region between these curves 
into which fluid can disappear. Thus the flow across any curve connecting P and 
Q must be a function of the coordinates of those points, say F ^P, Q) ; further, since 
the flow across PQ is the sum of those across PB and BQ, this function must be of 
the form \lr(Q) - •'/'(F). If therefore t denote at each point the thickness of the 
sheet, and v the component velocity at right angles to the element of arc ds on it, 

I =■ ■'//“(Q) — >// (Pj ; 

tliat is S', which is of the form + G is the exact difieron- 

tial of a function •^' 2 * Thus if one integral of a linear diflerential system 

d.r^ __ 

K.y 

is known the remaining one can be found by a quadrature whenever a value of 
M is known which satisfies the equation of continuity 

^ (my,) ^ ^ 

(IVy d.i^ 

This argument admits of immediate extension to hyper-space involving any 
number w of Cartesian coordinates. In that case a knowledge of n — 2 integrals 
determines an equal number of systems of hyper-surfaces along which the flow 
takes place; these divide the region into two-dimensional sheets, the flow in each 
of which takes place independently and is determined by a stream hinction, as above, 
whose general form can oe determined by a quadrature. 

This is Jacobi’s proposition. The conditions of its application are satisfied by 
the special value M = 1 in the case of the diflerential equations of isoperimetrical 
problems, including the general equations of dynamics. 

In all cases of course values of M exist, but it is only sometimes that they can 
be analytically expressed. One method of trial is to express the determining 
equation, after Jacobi, in the form 

^ 

d.Vy u\dXy da., dx,/ 


in wliich 8 represents a total difterentiation. If then by means of the n — 2 known 
integrals the quantity on the right-hand side can be expressed as a fimetion <jf 
alone which is capable of integration, its integral is a form of M. 

In three dimensions the flow across a diflerential arc PQ, say ds on the sheet, 
is equal to a lamellar element of volume whose projection on the plane 

is I I and wliose height parallel to the axes of is clv^j where 


dC 


d<f) 


djc, ; thus it is .(u/lj\ — Uydd.\ 2 )^Cf which is 


dx , ' ‘ dx^ 

exact differential in dx\ and dx,^. In n dimensions it is similarly 


MJ.r 3 d.r 4 . . . dx 
that is M^u/Ixy - . . . 8 C„_o 


I dxy dx^ I 

I I ^ 

_ d((f)^(f), . . . 

d{x^x^ . . . Xy^) * 


accordingly an 


which is thus an exact differential when expressed in terms of and Xy 


n n 2 
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9. Increase of Segmental Vibrations in Aluminium Violins, 

By Dr. A. Springer. 

Continued experiments made with aluminium sound hoards have veriBed the 
statements made by the author five years ago, that aluminium possesses acoustical 
properties more closely allied to those of wood than those of metals. Metals in 
general give rise to comparatively continuous and uniform maintenance of higher 
upper partial tones, frequently inharmonic to the prime, making the tone ex- 
tremely penetrating and unmusical. In wood the mass is small, the natural 
structure irregular, being full of countlewss interstices, the elasticity comparatively 
imperfect causing the higher proper tones to rapidly die away. Aluminium not 
only possesses the latter property, but to a much more marked degree; on 
account of its lightness and probably intermolecular friction the higher upper 
partials require special construction of a sound board to become audible. In wooden 
instruments provision must be made to prevent the bass notes from entering into 
segmental vibrations detrimental to upper partials, thereby giving a dull purity of 
tone, lacking in brilliancy. To avoid this effect the author was obliged to depart 
from the fixed rules adopted by violin makers and work in a manner diametrically 
opposed to them. 

The author showed by means of open model an aluminium cross section under 
the bridge instead of bass bar and a reinforcement of centre of the belly and back, 
by which means the segmental vibrations are produced. 

After the paper was read a violinist played on one of the instruments exhibited, 
illustrating the various points discussed. 


Department IL— Meteorology. 

1. Eepori on Observations at the Ben Nevis Observatory, 
See Reports, p. 219. 


2. Report on the Application of Photography to the Elucidation of 
Meteorological Phenomena . — See Reports, p. 128. 


3. Monthly and Annual Rainfall in the British Empire^ 1877 to 189G. 

By John Hopkinson, F.R.Met.Soc., Assoc.Inst.C.E. 

Nearly twenty-four years ago there appeared in ^ The Colonies ’ a letter from 
Mr. W. Sowerby suggesting that residents in the British Colonies should be 
invited to contribute notes and queries on natural objects. This was followed by 
a letter from Mr. G. J. Symons, F.R.S., adding a similar plea on behalf of 
Meteorology. These suggestions met with the approval of the Editor of ^The 
Colonies,’ and he invited the Directors of the principal Colonial Observatories to 
supply monthly reports of meteorological observations, and arranged with Mr. 
Symons to supervise them. 

The first table published was for January 1874, and contained reports from 
sixteen meteorological stations in the British Empire. The tables were continued 
to June 1881, after which date they have appeared in Symons’ * Monthly 
Meteorological Magazine.’ In the table for December 1806 are records from 
eighteen stations, but only seven of these are survivals from January 1874. The 
rainfall at ten of these stations can be carried back for at least twenty years, and 
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that at two for at least ten years. The ten stations with a twenty years’ record 
are London, England (Camden Square); Port Louis, Mauritius; Calcutta and 
Bombay, India; Colombo, Ceylon ; Adelaide and Melbourne, Australia ; Welling- 
ton, New Zealand ; and Toronto and Winnipeg, Canada ; the two with a ten years 
record are Malta and Kingston, Jamaica. 

In a series of tables are given the mean monthlv and annual rainfall and 
number of days on which at least O'OI inch of rain fell at these twelve stations, 
and also the maximum and minimum monthly and annual rainfall and number ot 
days of rain. A summary of these twelve tables is then gi\en. The means in 
this table are those of the ten stations with records for twenty years, but the 
extremes are those for the whole of the twelve stations. This table is followed by 
a summary of the yearly rainfall at the twelve stations. 

It must not he inferred that the rainfall at the places selected represents the 
mean rainfall of the countries in which they are .situated. These places are in : 
most cases the principal towns in those countries. Nor are the extremes of the 
rainfall in the British Empire represented. But it is helieved that no previous 
attempt has been made to ascertain the mean rainfall at nearly so many as ton 
widely distributed places in the British Empire for nearly so long a period as twenty 
consecutive and concurrent years. The observations, moreover, have been taken 
in an entirely uniform manner, and are believed to be thoroughly trustworthy, the i 
results being strictly comparable one with another. 

A few observations are then made on the rainfall at the various places, and 
finally a summary of the principal results is given. 

Throughout the British Empire, so far as appears from these observations, the 
mean rainfall is least in February and greatest in July, increasing every month 
from February to July, and decreasing every month from July to February. There 
may be no rain at some one or more of these rainfall stations in any month in the 
year up to six months in succession. The heaviest fall in any month was 47'64 
inches at Bombay, in July 1878, and only here has there been rain on every day 
in any month. In Malta, in 1895, the rainfall was only 11*38 inches; at Colombo, 
III 1878, it was 139'70 inches. In Malta, in 1888, there were only 60 days of 
rain ; in Mauritius, iu 1803, there were 241 wet days. 

If the twenty years be divided into four periods of five years each it will be 
found that the mean aimual rainfall at the ten stations has been as follows : — In 
the first period 47*1 5 inches on 160 days; in the second period 44‘C7 inches on 
147 days; in the third period 44*21 inches on 166 days; in the fourth period 
44*15 inches on 151 days. This does not show much deviation except in the first i 
period (1877-81). This was an exceptionally wet period in England, and now 
appears to have been generally wet. The mean annual rainfall for the first ten 
years was 4r)*92 inches on 140 days, and for the last ten years 44*67 iuches on 153 
days. For the whole period it was 45*20 inches on 151 days. ^ ‘ 

In this account of the rainfall at a few meteorological stations in the British | 
Empire, the effects of the seasons have been altogether neglected. Six of the 
stations with records for twenty years are north of the equator and four are south 
of it, not a very great inequality. In l^ngland the wettest period is nearly the 
same as in New Zealand, but it happens to be in the summer and autumn in 
England when in New Zealand it is winter and spring. And taking each place 
individually there seems to be very little correspondence between the rainfall and 
the season. It does not appear to be the succession of the seasons which causes 
the rainfall to increase generally each month from February to July and to 
decrease each month from July to February, although the very heavy rainfall at 
Bombay in June and July tells much in making those months appear to be so wet 
on the average throughout the Empire. 

With a larger number of stations any such disturbing influence as this would 
he neutralised, and it may he worthy of consideration whether it might not be 
well to appoint a small Committee of the British Association to collect and digest 
statistics of the rainfall from a large numher of places in the British Empire. 
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Mean llainfall and Number of Days on \ohich at least 0*01 inch of Rain fell at 
Ten Stations in the British Empire, and Extremes at Twelve Stations, 


- 

Mean 

Maximum 

Minimum 

Inches 

Days 

Inches 

Days 

Inches 

Days 

January 

2-28 

9 

14*68 

25 

•00 

0 

B'ebruarv .... 

2 08 

9 

30 06 

27 

•00 

0 

March .... 

2 64 

10 

24*11 

26 

•00 

0 

April 

3 29 

11 

28*78 

27 

•00 

0 

May 

. 3-89 

13 

22*28 

28 

■00 

0 

June 

6 01 

16 

43*46 

28 

*00 

0 

July 

6-48 

17 

47*64 

?,1 

*00 

0 

August 

6 06 

17 

36*66 

31 

•00 

0 

Septcmbei .... 

4 23 

16 

25 08 

26 

*00 

0 

October 

3-84 

13 

35*28 

30 

*00 

! 0 

November .... 

3*00 

U 

28*78 

27 

•00 

0 

Decembt'i* .... 

2*46 

10 

17*72 

24 

*00 

0 

Year ..... 

45 29 1 

161 1 

139*70 

241 

11 38 

59 


Mean and Extreme Yearly Rainfall, and Number of Days of Rain at Ten 
Stations in the British Empire for Twoity Years, and at Two for Ten Years. 



Mean 

Maximum 

Minimum 


Inches 

Days 

Inches 

Days 

Inches 

Days 

1877-90. 







London 

25*76 

164 

34 09 

15)5 

1021 

137 

Mauritius 

60-38 

203 

68 17 

241 

29 71 

174 

Calcutta ..... 

59 20 

116 

85*23 

143 

39*:>>8 

74 

Bombay 

76*71 

111 

111 93 

121 

67 82 

102 

Colombo 

91 82 

179 

139*70 

215 

60 55 

12S 

Adelaide 

20*56 

135 

30*87 

164 

14*01 

113 

IVIclbourm' .... 

24 52 

132 

32*39 

153 

17 06 

116 

Wellingttin 

61*22 

170 

67*68 

191 

31 37 

i;!7 

Toronto 

31*49 

177 

48*51 

206 j 

24*83 

143 

Winnipeg 

21*22 

127 

29*33 

169 

14*64 

88 

1887-5)0. 







Malta 

20*60 

79 

26*04 

90 

11 38 

59 

Jamaica 

29*16 

85 

40 81 

97 

19 01 

78 


4. On the Temperatnre of Europe. By Dr. van Rijckevorsel. 

The material to which the following remarks refer consists of a large number 
of temperature curves deduced from observations at places scattered over the whole 
of Europe. They were obtained by smoothing down in the very simplest fashion 
the mean temperature for each day of the year. On throwing even a passing 
glance at those curves one is forcibly struck at once by two facts. 

The first is that the climate of Europe is divided between two different types, 
the one being the eastern type, prevailing in Russia and some parts of adjacent 
countries, the other the western one, covering the rest of our continent. 

The second fact is that in each of these two large divisions all the curves are 
strikingly similar. 

I think that the most interesting thing in those curves is, not their general 
appearance, but the irregularities, the secondary maxima and minima. These may 
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indicate a way to detect and explain a great many peculiarities of our climate. 
Many of these have hitherto either not been paid attention to, or have been con- 
sidered as slight anomalies ; yet they seem to be most permanent and important 
features. 

A few of these anomalies — for instance, one consisting of two unimportant 
maxima, separated by a more or less apparent minimum in April — spread over the 
whole of Europe. Is it altogether impossible that one or more of such features 
nre not confined within the limits of Europe r* Should any of them be found to 
prevail over a whole hemisphere, or farther still, ought we not to look beyond the 
•earth for their origin ? 

Other anomalies, however, have a smaller range. Two remarkable instances of 
this are two very pronounced mimima which characterise the summer in western 
Europe. The more important one at the end of July, separating two nearly equal 
maxima in the middle of June and the middle of August, is strongly prominent on 
the coasts of the Atlantic and the North Sea, and slowly decreases in the centre of 
Europe, dying out at the llussian frontier The other one, a similar minimum, 
about a month earlier, is also strongest on the north-wtistern shores of our continent, 
but dies out much sooner : it can hardly be detected beyond the eastern frontier of 
France. Here we have, I venture to atfirm, two effects of causes which, whatever 
they may be, must lie to the west of us, in the Atlantic or beyond. 

Another feature, on the contrary, a minimum in the secoud half of December, 
with a very decided rise of temperature towards the end of the year, which is very 
characteristic for the extreme east of our continent, dies out long before it could 
reach the middle of Russia. Wc owe this effect apparently to something in Asia, 
or beyond. 

I forego to discuss in this short abstract some other advantages arising from 
a systematic discussion of temperature curves. Such are a possible indication of 
something being wrong in the exposures of thermometers : the possibility of getting- 
very good results with what would hitherto have been considered absolutely 
insufficient material ; the possibility of giving a near approximation to normal 
temperatures for any station a priort^ See. 

But what I think is principally shown is — 

(1) That it is not so much the general knowledge of the temperature of a place 
that is interesting as the irregularities, even such small ones as one is tempted at 
first to ascribe to errors of observation or such like causes ; 

(2) That here is an excellent way to find out, not indeed what the ultimate 
causes of such irregularities are, but in which direction to look for th(;m. One 
glance at the diagrams generally instantly shows that some interesting anomaly, 
such as I gave a few instances of, originates to the west, the cast, or the south of 
our continent. 


5. The Cliinatolo(j y of Canada, By R. F. Stupart. 


<5. The Great Lakes as a Sensitive Barowvter. By F. Napier Denison, 
Toronto Obsercatovy, 

For many years fishermen and sailors upon tlie great lakes liavo noticed with 
intense interest the rapid rise and fall of the water, most marked at the head 
of shallow lagoons or bays. The phenomenon is not uncommon, having been 
ably studied upon the Swiss lakes by Professor Forel and his predecessors, 
Duillier, De Saussure, and otluu-s, where it obtained the* name of ‘ Seiche/ and also 
by Mr. Russell, F.R.S., upon Lake George, New South Wales. The writer’s 
attention was first drawn to this subject last summer, while in the vicinity of Lake 
Huron, where a set of observations were taken. Upon returning to Toronto, by 
permission of Mr. Stupart, Director of the Meteorological Service, a simple instru- 
ment was devised for automatically recording these oscillations, and was set up at 
the mouth of the Humber River, near Toronto. Shortly afterwards a similar 
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instrument was placed at the west end of the lake at the Burlington Canal. The 
records from these two instruments, when studied in conjunction with the Obser- 
vatory synoptic weather charts and barograph traces, have revealed many interest- 
ing points. Last January, to obtain a better knowledge of the smaller barometric 
movements, a simple form of self-recording air barometer was constructed, seven- 
teen times more sensitive than the mercurial. This again has recently heeu super- 
vseded by a combined self-recording water-level instrument and air barometer — that 
is, both pens record upon tlie same time-sheet where an hour equals one inch and 
one complete revolution of the cylinder equals twenty-four hours. 

The lollowing are some of the results deduced from the records : — 

1. That the longitudinal and transverse LSeiche ’ movements are very marked 
preceding and during storms primarily due to differences of atmospheric pressure 
over the extremities of the lake, but greatly augmented when the gale strikes the 
water eurface. The mean time interval of longitudinal ‘ Seiche ’ is four hours and 
forty-nine minutes ; the transverse, forty-five minutes. 

2. Til ere is a marked agreement between the time intervals of the smaller lake 
undulations and those found upon the corresponding sensitive barograph traces,, 
both showing a predominance of twenty-minute intervals. 

3. These smaller lake undulations are due to atmospheric waves which are set 
up along the boundary surfaces of different air strata when travelling in opposite 
directions, the existence of which have been so clearly demonstrated by the late 
Professor von Helmholtz in his mathematical papers read before the iloyal 
Prussian Academy of Sciences at Berlin in 1881) and 181)0. 

4. The action of these atmospheric waves upon the surface of the water tends 
to form minute undulations, which increase in amplitude as they move into bays,, 
i^c., where the water becomes shallower, until finally they assume the proportions 
as lecorded upon the instrument, 

6. It appears, from a careful study of the Canadian ocean tidal records, placed 
at the writer’s dispo.sal through the kindness of Mr. W. Bell Dawson, Director of 
the Tidal Survey, in conjunction with the synoptic weather charts, that tlie 
secondary undulations found upon them may also he due to similar atmospheric 
action. 

6. Marked rapid and large undulations often occur during the autumn and 
winter months upon both instruments when the barometer is actually rising and 
fine weather prevails throughout Ontario. At such times an area of low pressure,, 
or cyclone, is situated over the south or south-western States, which usually moves 
over or near to the lake region. In such cases the recorded atmospheric waves are 
due to the lower, denser air of the anticyclone, moving towards the south-western 
cyclone, along whose upper boundary surface huge waves, extending to the earth, 
are set up by the rapidly opposing upper poleward current. The mean velocity of 
this upper current in summer is sixty miles per hour, and in winter one hundred 
and ten miles ner hour. On the other hand, during the approach of an anticyclone, 
attended by fine weather and we.sterly winds, these lake undulations become 
extremely small, because the lower air moves in approximately the same direction 
as the upper poleward current. 

7. The direct action of these air waves upon the surface of the lake is clearly 
shown during the passage of a thunder shower. As an instance, on March 8 last, 
during the passage of several successive Iiuge atmospheric ‘ billows,’ the water rose 
8 A inches in ten minutes, then fell 10 J inches in filteen minutes, followed by the 
phenomenal rise of IH inches in fifteen minutes. 

8. These records graphically explain the cause of those erroneously termed 
* tidal waves ’ which occur upon the lakes, and also tend to solve the problem 
respecting the larger waves encountered at apparently regular intervals. From 
information obtained from fishermen on Lakes Erie, Ontario, and Huron a twenty- 
minute interval appears to have been frequently observed between these waves. 

As these peculiar undulations occur upon all waters it is hoped the study of 
them will become more universal, and the time not far distant when instruments 
similar to those described will be adopted throughout the scientific world. 
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7. Slow Refrigeration of the Chinese Climate. By Dr. J. Edkins. 


8. Progress of the Exjylorativn of the Air with Kites at Blue Hill 

Observatory^ Mass.^ U.S.A. By A. Lawrence Dotch, S.B., A.AL.y 

F.R.Met.Soc., Director. 

A preliminary report on tlio subject was presented to tliis Section at tlie 
Liverpool meeting of the Lritisli Association, and, in consequence of the successful 
Tt‘sult8 which had been obtained at Llue Hill, this method of exploring the free 
air was endorsed by the International Meteorological Conference which met in 
Paris last September. 

Many improvements in the kites and apparatus have been effected during the 
past year, and, through the aid afforded by a grant from the Hodgkins Fund of the 
Smithsonian Institution, the tirst steam-reeling apparatus for kites has been con- 
structed. Since August 1894, when an instrument recording continuously and 
graphically its indication was for the tirst time lifted by kites, 130 records of 
barometric pressure, air temperature, and relative humidity, or of wind velocity^ 
have been obtained up to the extreme altitude of 8,740 feet above Blue Hill. 
This height, which was attained last October, is believed to be the greatest to 
which a meteorograph has been raised by kites (see * Nature,’ December 17, 1890). 
Nine records have been obtained more than a mile above the hill at all seasons of 
the year, both in fine and in stormy weather. 

The data have been discussed and are about to be published in the ‘ Annals of 
the Harvard College Observatory.’ They furnish some important facts concerning 
the changes of temperature, relative humidity and wind in the free air, under 
varying atmospheric conditions, and constitute the most thorough exploration of 
the lower mile of free air ever made in any manner. Since warm and cold waves 
appear to commence in the upper air it seems probable that daily observations with 
kites would aid in weather forecasting, and the experiment is to be tried by th& 
United States Weather Bureau at several stations. Meanwhile the investigation 
is being continued at the Blue Hill Observatory, with the hope of obtaining data 
two or three miles above the earth, and kites are serving to supplement the- 
measurements of the heights of clouds made by the methods prescribed by the^ 
International Cloud Committee. 

9. Kites for Meteorolog ical Uses. By C. F. JMarvin. 

The author gave an account of the initiation of the investigation by the Weather 
Bureau at Washington of the availability of kites for making daily observations 
in the free air. 

He then described and showed a full-sized model of the improved kites as now 
('mployed by the Weather Bureau, and referred to methods of bridling the kite to 
secure approximately constant pull upon the string under wide variations in the 
wind force; also to the use of a * safety line’ upon the kite, corresponding in 
function to the well-known fusible plug in electrical circuits. 

A brief outline of the mechanics of the kite was given, and remarks were made, 
upon the Hying of kites in tandem. 

In conclusion the results thus far attained were discussed. 


10. Aleteorites, Solid and Gelatinous. By Dr. Otto Hahn. 

The author gave an account of bodies found in the meteorite of Kinyahingo, 
which fell on June 6, 1866. These he considers to be organic, sponges, &c. 


11. November Meteors and November Flood Traditions. 
By G. Haliburton. 
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TUESDAY, AUGUST 2Y 
The Section was divided into two Departments. 

The following Papers and Report were read: — 

Department I. — Electricity. 

1. Demonstrations on the Form of Alternating Currents. 

By Professor Dr. F. Braun, Strassburg. 

Em Kathodenstrahl wird in einem Maguetfeld, welches durch einen Wechsel- 
etrom erzeugt ist, abgelenkt. Der vom Kathodenstrahl auf einer fluorescirenden 
Flache erzeiigte Fleck macht daher Schwdngiingen, welche in einem rotirenden 
Spiegel analysirt werden konnen. Wirken auf den Kathodenstrahl zwei unter 
oinem rechten Winkel gekreiizte Felder, so entstehen Lissajous’sche Curven, 
welche gcstatten Phasenverschiehiingen der Felder in Folge von Selbstinduction, 
Capacitat, Polarisation, u.8.w., nachzuweisen und zu messen. Eine Tragheit des 
Kathodenstrahles konnte nicht gefunden werden; den Schwingungen von Ley- 
dener Flaschenentladungen folgt er noch. Einc magnetischc Wirkungvon Licht- 
strahlen wurde aber vergebens gesucht. Ein dem Kathodenstrahl mit seiner 
Axe parallel gestellter Magnet breitet denselben zu einem Gebilde aus, wie es 
entstehen miisste, wenn der Kathodenstrahl ein boweglicher Stromleiter wiire; 
oh aber dieses Gebilde entsteht durch eine ausserordentlich rasche Rotation oder 
oh es ruht, ist unentschieden. Von Interesse ist es, dass das Magnetfeld dor Erde 
schon hinreichend stark das Ende dea Kathodenstrahles ablenkt, so dass jeden- 
falls angenaherte Bestimmungen der Inclination damit mdglich sind. 


2. Note on an Electrical Oscillator. By Nicola Tesla. 

The instrument exhibited belongs to a novel class of electrical transformers, the 
primary of which is operated by the oscillatory discharge of a condenser. The 
above name seems, therefore, particularly appropriate. 

The condenser is charged from any suitable, direct or alternating, current 
source. 

By observing the well-known conditions governing the oscillatory discharge of 
the condenser, which have been established by Lord Kelvin, and selecting properly 
the physical constants of the primary or discharge circuit,” extremely rapid oscilla- 
tions in this circuit are obtained, which set up, by inductive action, corresponding 
high-frequency current impulses in the secondary circuit. 

The fundamental disturbances in the primary circuit are produced either by 
simply adjusting the quantities concerned, so that the average rate of supply of 
•energy to the condenser shall be inferior to the average rate of discharge, or else 
positively-acting mechanical means, irrespective of such adjustment, are employed 
to periodically open and close the circuit. 

The circuit connections in the instrument exhibited are indicated in a diagram, 
while a photograph showed the actual arrangement of the parts in the instrument. 

Referring to these illustration.s, the condenser is contained in a box, upon 
which is mounted in front the circuit controller, consisting of spring contacts, and 
a self-induction coil. The latter, designated as a charging coil,” serves at the 
same time to raise the pressure of the source to any value desired for charging 
the condenser. This is an important practical advantage, as it enables the 
capacity of the latter to be reduced, so that it need not be more than a few 
per cent, of that otherwise required for an equivalent conversion of energy. 
Jdesides, the smaller the capacity, the quicker is the oscillation, and the shorter need 
be the high-tension secondary wire. 

The primary or discharge circuit surrounding the secondary coil or coils is 
formed of a few turns of copper ribbon mounted on the top of the box behind the 
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charging coil,” all connections being as short as possible, so as to reduce, as much 
as it is practicable, both the resistance and self-induction of this circuit. 

Oil the front side of the box containing the condenser there are mounted two 
binding posts for connection with the lines, two small fuses, and a reversing switch. 
In addition two adjusting screws are provided for raising and lowering the iron 
core within the charging coil as a convenient means for varying within consider- 
able limits the current of supply, and regulating thereby the discharge of the 
secondary circuit. In adjusting the core the left-hand screw should be unscrewed 
first, as it performs merely the function of a check-nut. 

The mode of operation may be explained in current language as follows : — 

At the start the spring contacts being closed and the condenser practically 
short-circuited, a strong current passes through the ‘‘ charging coil,” attracting the 
armature fastened to the lower spring, and separating the contacts. Upon this the 
energy stored in this coil, assuming the form of a high-tension discharge, rushes 
into the condenser, charging the same to a high potential. The current through 
the coil now subsiding, the attraction exerted upon the armature ceases, the spring 
reasserts itself and again closes the contacts. With the closing of the latter the 
condenser is discharged through the primary, and simultaneously a strong current 
from the source of supply again rushes through the charging coil, and energy is 
stored for the next charge of the condenser, this process being repeated as often as 
the spring opens and closes the contacts. 

By means of this simple arrangement certain advantages over ordinary coils 
are secured, the chief being the absence of fine wire in tlie secondary, the quality 
of the effects produced, and efficiency. 

The photograph, showing the instrument in action with two loops of cotton- 
covered wire attached to the discharge rods, conveys an idea of tlie pressures 
obtained. The outer wire loop was in the experiment only 22 inches in diameter, 
to enable its being properly shown in the print, but it could have been much 
larger, since two parallel wires, 15 feet long, may be stretched from the secondary 
terminals of the instrument, and practically the entire space between them, d} 
inches wide, is seen in the dark covered with fine streamers — that is, a surface of 
over 4 square feet — and yet the energy taken from the supply circuit during the 
performance is less than 35 watts. It is practicable, by the use of the principle 
described, to obtain sparks of 1 foot in length with an expenditure of energy of 
less than 10 watts. 


3. An Electric Curve Tracer, By Professor E. B. RoSA. 

One of the most interesting and fruitful methods of investigation of alternate 
current phenomena is the tracing of the forms and phases of current and electro- 
motive force waves. But the practicability of this method of investigation and 
testing has been seriously limited by the great labour of obtaining the curves, and 
the insufficient accuracy of the curves when obtained. Although various methods 
are employed for determining the quantities from which to plot the waves of 
current and electromotive force, yet in nearly every case an instantaneous contact- 
maker is used, and the contact brush is advanced by hand, step by step, settings 
being made on a graduated circle. Readings are taken on a voltmeter, electro- 
meter, or galvanometer, and subsequently points are plotted out on cross-section 
paper, and a smooth curve drawn through them. Because of the great labour 
involved, comparatively few points are usually found, and hence the curves are 
only approximately determined. To reduce the labour and increase the speed of 
working would enable a greater number of points to be determined, and so give 
more faithful representations of current curves. This could he accomplished by 
some arrangement that would do the most laborious part of the work mechani- 
cally, and, if possible, automatically. Hence, if successive settings of the brush of 
the contact-maker could he made quickly aud easily, and the curve printed out 
automatically, so as to eliminate the necessity of taking readings and plotting the 
points, the thing would be done. It was to accomplish this end that I had an 
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instrument constructed last year in our collej^e machine shop. The instrument 
worked well and gave some very elegant results. But there appeared in its use 
several practical defects which experience showed how to remedy, and this year I 
have constructed a new instrument, which may be called an Electric Curve 
Tracer, and which will now be briefly described. 

The instrument consists of three parts: (1) the Contact-Maker, (2) the 
Measuring Selenoid, and (3) the Recording Cylinder. The Contact- Maker is 
joined by a rod and flexible couplings to the shaft of the dynamo, which produces 
the current to he delineated, or to a synchronous motor which is driven by that 
current. Hence the shaft of the contact- maker, and with it a hard rubber disc 
six inches in diameter, revolves with the speed of the armature of the alternator. 
The brush which, once in every revolution, makes contact with a knife-edge let 
into the edge of the hard rubber disc, is carried by an arm which is advanced step 
by step by a ratchet wheel and gearing. The pawl of the ratchet is actuated by 
an electro-magnet, and the step of the brush is half of one degree for each tooth 
of the ratchet wheel. Any number of teeth from one to six may be taken at each 
step, according to the position of the stop. The current through the electro- 
magnet, which advances the brush, is made by the operator at the measuring and 
recording apparatus, which may be at a distance. 

The Measunng ISolmoid consists of a single layer of insulated wire wound 

Fig. 1. 



upon a hard rubber rod 80 centimeters in length ; along one element of this 
solenoid the insulation is removed. A current from two or three storage cells 
passes through the solenoid from A to B, and by means of a voltmeter and 
rheostat the diflerence of potential between A and B is kept constant. This 
spiral has so much greater length of wire than a single wire, such as that on a 
slide wire bridge, that it can maintain a much greater difference of potential, and 
serves the purpose better than a single wire would do. Let the current to be 
delineated pass through the non-inductive resistance C B. We measure the instan- 
taneous diflerence of potential at the terminals of C D by matching it against tho 
known difference of potential of a portion of A B. This is done by joining Q, 
the middle point of A B to D, and P, a sliding contact on A B, to C, through the 
instantaneous contact-maker and a sensitive, dead-beat D’Arsonval galvanometer. 
When P is so ad justed that there is no deflection of the galvanometer, the poten- 
tial difference between C and I) is the same as that between P and Q, and the 
latter is proportional to the distance P Q. If the current at the instants of con- 
tact is from C to D, then the potential of C is higher than D, and P will be on the 
left of Q ; if the current is from D to C, P is on the right of Q. In either case 
the strength of the current is proportional to the ditference of potential between 
C and D, and therefore to the distance P Q. At each step of the brush contact is 
made at a later instant in the period of the wave ; the current has a different 
value, and hence P must be moved to keep the galvanometer deflection zero. The 
spiral being of constant diameter, and uniformly wound, these distances P Q give 
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Accurate values of the current. Using these distances as ordinates, and the 
corresponding angular positions of the brush on the revolving contact-maker as 
abscissas, a curve of current can be plotted, its scale being, of course, determined 
by the value of the constant resistance C D through which the current passes, 
and the value of the constant potential difference between the ends of the 
solenoid. 

But to eliminato the labour of taking scale readings and plotting the curves it 

Fig. 2. 



is arranged to plot them out automatically as the successive settings of P along 
the solenoid are made. A pantagraph has one end fixed at P', and the other 
attached to the sliding contact P. The bar E G of the pantagraph carries a 
printing point F. As P is moved to and fro upon the solenoid, F travels to and 
fro along a b, parallel to A B. And since Py is one-fifth of P'P, the excumions 
of F are one-fifth of those of P. When each setting of P has been made, the 
printing point F is depressed by an electromagnet, and a dot is made upon a sheet 
of cross-section paper underneath. Between the successive settings the paper is 
advanced a step perpendicularly to a h. In this way a current curve is plotted to 
a known scale, and by repeating the process with other currents through C D (as, 
for example, the secondary current, due to the induction of the first one, or an 
electromotive force current) several waves may be delineated on the same sheet, 
each to a known scale, and their relative phases shown by their relative positions. 

In order to advance the paper conveniently by equal steps it is wrapped upon 
a cylinder, which is advanced step by step by a ratchet wheel and gearing, actuated 
by an electromagnet, precisely as the contact-maker is operated. These two 
electromagnets, and that on the pantagraph, are controlled by the same key, and 
all work together. Closing the key causes the steel point F to be thrown down 
upon a typo-writer ribbon, which prints n point on the paper beneath ; it also 
causes the armatures of the two driving magnets to be attracted, and the pawls to 
slip back over one or more teeth of the ratchet, until the armatures strike their 
respective stops. Breaking the circuit allows the printing point to be lifted by a 
spring, and the armature of the driving magnets to be drawn back to their initial 
positions by their springs. The two pawls at this time advance their respective 
ratchets; one advancing the brush of the contact-maker, and the other the 
cylinder carrying the record sheet, ready for a second point. The sliding contact 
P is moved by means of a cord passing over pulleys at the ends of A B, and wound 
over a small drum underneath the solenoid, the drum being turned by means of a 
large milled head. The operator turns this drum with one hand, and closes the 
key with the other, keeping his eye constantly on the galvanometer scale. With 
a quick, dead-beat galvanometer the settings are made very rapidly, and it is no 
unusual performance to print off a curve at the rate of twenty or more points per 
minute. 

If the curve closely approximates to a sine curve, and there are no high 
harmonics present, the points may he further apart, and the ratchet of the record- 
ing cylinder advanced four or six teeth at a time. If there are upper harmonics, 
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and one wishes a faithful representation of the curve, two teeth are taken at a 
time, and 180 points plotted in one single wave-length, which extends half-wave 
around the recording cylinder. 

If the generator is a two-pole machine, four teeth will be taken at one step on 
the contact-maker and two on the recording cylinder. If it is a four-pole machine, 
an equal number of teeth will be taken on each. If it is an eight-pole machine, 
one tooth is taken on the contact-maker and two on the recording cylinder, and 
so on. In each case the resulting curves will be drawn to the same horizontal 
scale. 

Special attachments are provided for printing copies of original curves, for 
making curves of magnetisation and hysterisis curves, and also for taking power 
curves — in the latter case not by multiplying corresponding ordinates of current 
and electromotive force curves, but plotting directly from the settings of the 
contact piece P. 

The accuracy of the work of the instrument is illustrated by curves, representing 
the current flowing into a condenser from the secondary of a transformer (which 
were exhibited). The capacity of the condenser for the second curve is double 
that of the first, other circumstances being the same. The curves show a little 
more than a wave length and a half of the fundamental, hut the character of the 
curves is determined by their upper harmonics, the natural period of the condenser- 
transformer circuit being sucli as to amplify very small upper harmonics in the 
electromotive force of the dynamo, which had a toothed armature. In the second 
curve the period is larger (because the capacity is greater), and the free vibrations, 
which are superposed on the fundamental, are accordingly fewer in number. 
Comparing one half-wave with another, it is evident that the curve-tracer has 
done its work faitlifully. Without a large number of points in the space of one 
wave we should fail to apprehend the true character of such curves. The instru- 
ment lends itself to a great variety of purposes. One can study the actions and 
reactions in dynamos and motors, of single and polyphase varieties ; in transformers 
of all types, and of special devices in practical or abstract research. By means 
of a two-part commutator on the shaft of the contact-maker the oscillating cur- 
rents of condenser charges and discharges can be delineated, and the period 
measured. Curves showing the rise and fall of current in inductive circuits when 
the current is made and broken can be drawn, and the self-induction thereby 
measured. 

I wish to express my obligations to Mr. O. S, Blakeslee, the accomplished 
mechanician of the college, for his assistance in designing the mechanical features 
of the Curve Tracer, and for his skill in constructing the instrument. 

The equations of the two curves are as follows : — 

1st. I = 8-79 sin {x ~ 18W) - 1*02 sin - 44°18') + 2-55 sin (5.r + 84°31 ') 

- *41 sinT.r - 2-058in (9.r - + l‘88siu (llx + 34^360 + 8'08sin 

{ISx + 10°70 + 5*45 sin (15.r - 59°660. 

2nd. I = 18-75 sin (x - 21%^ - 2*18 sin (3x - 70°!') - 6-8G sin (r>x + CA%S') 

- 1-56 sin (7x - 84^70 + 6-30 sin {9x + 66°140 + 0-98 sin (1 i .t' - 83^30^) 
-f- 4-15 sin ( J 3x - 43°309 + 3*59 sin (15.r - 86°3O0. 

The 17th and higher harmonics not present to an appreciable extent. 


4, On the Use of the Interferometer in the Study of Electric Waves. 

By G. E. Hull, University of Chicago, 

An interferometer for electric waves, constructed after Michelson’s form, was 
used to analyse electric radiation. A Branly receiver (small nails in oil) and 
different forms of Kighi’s vibrators were used. The following conclusions were 
arrived at : — 

1. The interference curve depends on both vibrator and receiver, and the 
influence of eacli of these varies. 
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2. The logarithmic decrement of the receiver is of the same order of magnitude 
as that of the vibrator. 

3. The chief component of the radiation and the period of the receiver may he 
determined by a number of interference curves. 

4. The receiver could be used to analyse the radiation, where the oscillations 
are but slightly damped. 

5. The error in determining the wave-length and the index of refraction need 
not exceed 1 per cent. 


5. An Instrument for Recording Rajndly Varying Potential Differences 
and Currents.^ By W. Duddell. 

The methods and instruments generally employed for this purpose may be- 
divided into two classes, viz. ^contact or point methods’ and ‘contmuous 
methods.’ 

This latter class may he subdivided according to the nature of tlie moving 
pArt acted on by the varying current. 

The present instrument belongs to that division in which the moving part 
consists of wires carrying the current to 'be measured, and in its present form wa& 
first suggested by Blondel. 

The instrument consists essentially of a pair of phosphor bronze strips stretched 
tight in a strong magnetic field, to the middle points of whicli a small mirror is- 
fixed. 

The current flows up one strip and down the other, causing one to move forward 
and the other to move back, and thus turning the mirror through a small angle. 
The source of light used is an arc lamp and a system of lenses, tlie motion of the spot 
being recorded on a falling photographic plate, or observed in a rotating mirror. 

The necessary damping is obtained by immersing the strips in oil and adjusting 
the temperature until it is correct. 

In the instrument shown two pairs of strips and a fixed mirror Avere used, so 
that both the current and P.D. curves, as W'ell as the zero line, were traced on the 
plate at the same time, thus giving, as well as the two curves, tlieir phase diflerenco 
and the periodicity from the known velocity of the plate. 

The free periodic time of the strips and mirror is about sec., and a current 
of 3 ^ cm. amp. gives a deflection of 153 cm. at a screen distance of 13G cms. 

The chief advantages of the instrument are the low self-induction and resistance^ 
as Avell as the critical damping. 

G. Report on Electrical Standards, See Reports, p. 207. 


7. On the Calculation of the Coefficient of Mutual Induction of a Circle 
and a Co-axial Helix. By IProfessor J. Viriamu Jones, F.R.S. 


8. Oyi a Determination of the Ohm made in Testing the Lorenz Apparatus 
of the McGill University. By Professor W. E. Ayrton, P.As., and 
Professor J. Viriamu J ones, E.R.S. Appendix to Electrical Standards 
Report . — See Reports, p. 212. 

9. On the Relations hetiveen Arc Curves and Crater Ratios with, Cored 

Positive Carbons. By Hertha Ayrton, 

When an arc is burning between a solid negative carbon and a positive of given 
diameter, the P.D. between the carbons varies according as the positive carbon is 
cored or solid. 


* Published in the Electrician. Sept. 10, 1807. 
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When the Length of the Arc is hept Constant and the Current is varied. 

1. The P.D. is in all cases higher with the eolicl than with the cored carbon. 

2. With a solid carbon the P.D. continually diminishes as the current increases ; 
with a cored carbon the P.D. either diminishes much less than with a solid carbon, 
or remains constant for all currents above a given value, or actually increases with 
the current after falling to a minimum. 

Current is kept Constant and the Length of the Arc is Varied. 

1. The P.D. is always higher with solid carbons than with a cored positive car- 
bon, but the difference between the two diminishes as the arc increases in length. 

2. The rate of change of P.D. with change of length is constant with solid 
-carbons, but diminishes as the length of the arc increases with a cored positive 
'Carbon. 

8. This rate of change becomes smaller and more nearly constant for all lengths 
of arc as the value of the constant current increases. 

4. The P.D. corresponding with length of arc 0 diminishes as the current in- 
creases with solid carbons, but increases with the current with a cored positive 
•carbon. 

These differences can all be accounted for on the hypothesis that mth a given 
solid negative carbon and a positive of a given diameter the P.D. required to send a 
gv^en current through a fixed length of arc depends principally ^ if not entirely, on 
the nature of the surface of the crater, being greater or less according as the carbon 
<f which this surface is composed is harder or softer. 

By the term * area of the crater’ is meant the area of the mouth of the crater, or, 
•still more accurately, the plane area of that region of the end of the positive carbon 
which is sharply cut off from the rest by its peculiar brilliance and whiteness. The 
5irea of the soft carbon in the surface of the crater is taken to be the projection on 
the mouth of the crater of that area of the crater that is composed of soft carbon, 
•and the proportion of soft carbon in the surface of the crater is measured by the 
ratio of the area of the soft carbon to the total area of the crater. This ratio for 
each current and length of arc will be called its ‘ soft crater ratio.^ 

The ratio of the area of the hard carbon in the surface of the crater to the area 
of the crater will be called the ‘ hard crater ratio I 

Arcs of Constant Length. 

The area of the crater is known to increase as the current increases. With a 
constant length of arc, therefore, when the current is very small the whole of the 
crater will ho in the core; as the current increases some hard carbon will be em- 
braced by the crater, and the P.D. will therefore, by the hypothesis, he higher than 
if the whole crater were of soft carbon. The larger the current the greater will 
1)6 the area of the crater, and consequently the greater will be the amount of hard 
carbon in its surface ; there will be a tendency of the P.D. to rise on account of 
this increasing amount of hard carbon in the crater, which will struggle with its 
tendency to fall on account of the increase of the current. According as the one 
or other of these tendencies gets the upper band, or as they exactly counterbalance 
one another, will the P.D. increase, diminish, or remain stationary as the current 
increases. 


Constant Currents. 

It has not hitherto been known how the area of the crater varied with the 
length of the arc. Hence a very good way of testing the accuracy of my hypo- 
thesis suggested itself. The hypothesis was used in conjunction with the curves 
•connecting P.D. with length of arc for constant currents, to determine what should 
be the form of the curves connecting the area of the crater with the length of the 
arc when the current was constant. If these curves were the same as those obtained 
from actual measurements of the crater, the presumption would be that the 
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hypothesis was correct. The comparison was made with very satisfactory results, 
-the form of the curves being exactly the same in both cases. 

From the hypothesis and the curves connecting P.D, and length of arc for 
constant currents it was deduced that — 

1. When a cored positive carbon is used and a constant current is flowing the 
iarea of the crater must increase as the length of the arc increases. 

2. The change that talces place in the ratio of the soft carbon to the total amount 
of carbon in the surface of the ci'ater with a given change of length 7nust diminish 
us the arc increases in length. 

3. The change that takes place in the ratio of the soft carbon to the total amount 
of carbon in the surface of the crater with a given change of length must he smaller y 
and the rate of change must become more nearly coJisiant for all lengths of arc as 
the value of the constant current increases. 

Kememhering that the ratio of the area of soft carbon to the area of the crater 
is called the ^ soft crater ratio,’ these three conditions may he put thus : — 

1. AVith a cored positive carbon, and with a constant current flowing, the area 
of the crater must increase, and consequently the soft crater ratio must diminish as 
•the length of the arc increases. 

2. The cliange of soft crater ratio with change of length must diminish as the 
iength of the arc increases. 

3. The change of soft crater ratio with change of length must be the smaller, 
and the rate of change must become the more nearly constant the larger the 
current. 

To test the accuracy of these conclusions, and tliorefore of the hypothesis upon 
which they were founded, measurements of the crater, made on the enlarged image 
■of the arc in 1893, were used. It was found that straight line laws were obtained 
in two ways : (1) by plotting the P.T). for each length of arc, with the correspond- 
ing area of the ci'ater with various constant currents ; (2) by plotting the current 
with the corresponding area of the crater with various constant lengths of arc. 
From these two sets of straight lines corrected areas of crater were obtained, from 
which the laws connecting the area of the crater and the soft crater ratio with the 
length of the arc could he seen more clearly than with the imcorrccted areas of 
crater. 

These laws were exactly what had been predicted. It was found that with a 
<:’ored positive and solid negative carbon, and with a constant cuiTeiit flowing — 

1 . The area of the crater did increase, and consequently the soft crater ratio 
diminished as the length of the arc increased ; and 

2. The change of soft crater ratio with a given change of length did diminish 
as the length of the arc increased ; and 

3. The change of soft crater ratio with a given change of length was smaller, 
and the rate of change was more nearly constant the larger the current. 

From the parallel straight lines connecting the area of the crater with the 
<jurrent for constant lengths of arc three facts were deduced, viz — 

1. That with constant lengths of arc the area of the crater, minus a constant 
depending on the length of the arc, is proportional to the current. 

2. That the change of area of crater with a given change of length of arc is 
independent of tlie value of the current flowing. 

3. That the change of area of crater with a given cliange of current is inde- 
pendent of the length of the arc. 


10. On the Soiirce of Luminosity in the Electric Arc. 

By II. Crew and O. II. Basquin. 

Three possible causes of luminosity were considered, viz. heat alone, chemical 
action, the electric current. The problem set was to determine the parts which 
thermal, chemical, and electric cause, respectively, plays in the electric arc. 

1897. PP 
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Chemical effects were practically excluded by worhing the arc in an air-tight 
metallic hood, filled with a gas which exercised no chemical action upon the 
electrodes. An air-tight glass window in this hood enabled the observer to 
examine the arc either with the naked eye or with the spectroscope. 

To exclude the electric current for an instant, and to examine the arc imme- 
diately afterwards, the following device was used : — 

A high-speed, 100-volt, alternator was employed to feed the arc. But, in 
series with the armature and the arc, were placed two interrupters, which cut out 
either all the positive or all the negative parts of the alternating current. In 

Fig. 1. 



either case the current was broken just as the current curve crossed the axis of X. 
In case the positive currents were cut out, the break occurred at A, A', A'', &c., 
the make at B, IF, <fcc., as indicated in the figure. 

By cutting the current off just as the curve crosses the axis, self-induction 
effects are practically avoided. 

The intervals of time indicated by the shaded portion of tho current curve were 
employed to photograph the arc or to examine it with the eye. This examination 
was made through openings in a large steel disc of the form indicated in the figure. 

This occulting screen and the two large interrupter rings were 
placed on a common shaft with the armature of tho dynamo. 

The interrupter rings were insulated from the shaft ; each 
had two slate sectors l£e3'ed into it, and each carried two brushes 
set 90° apart. 

It was found that, in the case of the iron arc, in an atmos- 
phere of air, oxygen, coal gas, or hydrogen, there are two 
distinct luminosities having very different properties. 

Of these luminosities one is a cloud of light, strongly 
coloured with yellow, and floating at a distance of some milli- 
meters from the electrodes, one of which was an iron rod, the 
Other a rotating iron disc. 

This is apparently the ‘ flame ’ of tlie ordinary carbon arc. 

This yellow cloud persists from one one-lmndredtli to one two-liundredth of 
a second after the current has been broken. 

The other luminosity is the blue sheet of liglit which most impresses the eye on 
looking at the ordinary iron arc. 

This light disappears in less than one five-thousandth part of a second after the 
current is cut off. One is certain that the interval during which the blue light 
persists is, however, still less than this. For the actual instant at which the 
current is shut off is not the instant at which the brush passes on to the slate 
sector, hut an instant later than this, on account of the spark which remains at 
break of current. 

So that, after the arc is broken, practically the only light that remains is this 
yellow cloud. 

The light from the red-hot iron poles, giving a continuous spectrum, is, oi 
course, here not considered. 

[Photographs of the two parts of the arc shown to the section.] 

On making the current the first light to appear is an intense blue right at the 
point of contact of the two electrodes. The yellow cloud, the ‘ flame,’ comes later. 
We have succeeded in photographing the blue arc of one current before the yellow 
cloud of a previous current had died out, thus obtaining tho two kinds of arc on 
one plate with a single exposure. 


Fig. 2. 
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In hydrogen the luminosity is very much less than in any of the other gases 
^hen the current has been shut off as long as one-thousandth of a second. 

In oxygen the floating cloud is very brilliant. In coal gas it is barely visible, 
and of a decidedly reddish hue. In this case the interior of the hood is lined witli 
a deposit of carbon. Query, Is this red light due to carbon incandescent at the 
moment of dissociation from the hydrogen ? 

The spectrum of the blue arc is the ordinary iron-arc spectrum. 

The spectrum of the yellow cloud which persists is also a linear spectrum of 
iron ; hut the distribution of intensities among the lines is very different indeed 
from that of the ordinary iron arc. The investigation of the difference between 
tliese two spectra when separated in this way is a comparatively easy matter. 
This investigation is already under way. 


11. On some J\^cw Fonns of Batteries and a Nciv Carbon- consnining 
Battery.^ yiy Willard E. Case. 

In 1839 Grove annoim(;ed his invention of tlie gas battery; he considered it the 
most simple arrangement to produce electricity, but not a practical way to general e 
elect rical energy, lie used platinum sponge or platinum black as the absorbent 
to facilitate the combination of the gases. The following experimental determina- 
tions by the author show, as far as they extend, that platinum or its compounds 
are not neccssaiy to produce the combination of the gases in tlie production of 
electrical eneroy, so doing away with one of the most expensive drawbacks to the 
gas battery. The experiments also prove that carbon is oxidised to CO^ at 
normal temperature without the application of heat, with the production of 
electrical energy. 


IVic Chlorine- Carbon Cell, 

A porous carbon tubc-electrode, into which chlorine gas was passed, opposed 
to a carbon rod, which had been heated red hot, were placed in hydrochloric acid, 
of specific gravity IdO. An E.M E. of from 0-50 to 0'5I volt was obtained, 
depending on the condition of the carbons. 

The carbon electrodes, after being heated, were placed in distilled water. With 
no chlorine gas passing tlirougli they had no difference of potertial. When gas 
was passed into the carbon tube, at slightly above atmospheric pressure, tlie 
E.M.E. gradually increased to 0’44 of a volt at the end of twenty-six hours. On 
short circuit, 0-04 of an ampere was obtained, but it dropped rapidly to 0-02. The 
internal resistance was very high. The solution was analysed, and found to con- 
tain hydrochloric acid and carbon dioxide. The same experiment was repeated in 
11 dark case, to see if the action took place in the absence of light. The chlorine 
gas was made in the dark and passed though the electrode. The electromotive 
force gradually increased, as in the first case, showing that the action took place 
ill the dark. 

A carbon electrode, through which chlorine was passed, and a negative plati- 
num electrode opposed to it, in dilute hydrochloric acid, gave 0’40 of a volt, but 
the electromotive force did not hold up through the voltmeter circuit. Both 
electrodes were covered with gas after short-circuiting, and the E.M.F. dropped 
to 0-24 of a volt. On shaking the voltage jumped to 0 40. 

A negative carbon electrode was substitutea for the negative platinum. It had 
been heated red hot and was very porous, the surface soft and rough. The 
E.M.F. reached 0-68 of a volt, and gave on short circuit 1*24 ampere, but 
dropped slowly to 0*30. The negative carbon electrode was oxidised. 

A platinum electrode in a paper envelope was opposed to powdered carbon in 
the bottom of a glass jar in hydrochloric acid, chlorine being passed into the solu- 

^ Published in extemo in the Electrician, Sept. 17, 1897, and in the Electrical 
Engineer (New York), Sept. 2, 1897. 



580 


REPORT — 1897. 


tion near the platinum. An E.M.F. of 0-60 of a volt, and on short circuit 
0*90 ampere, were obtained. The current remained fairly steady. The surface 
of each electrode was about forty-five square inches. 

A cell made up as above, but with graphite instead of carbon, gave 0*54 of a 
volt, but dropped rapidly on short circuit, the graphite not oxidising fast enough 
to give a steady current. 

A dense carbon rod opposed to powdered carbon gave 0*40 of a volt, and on 
shoi*t circuit 0*20 of an ampere. The rod was encased in filter paper to protect it 
from floating particles of powdered carbon, and the chlorine passed into the 
solution near it. 

Two small glass beakers with a carbon rod in one and a platinum plate in 
the other, and containing hydrochloric acid, were connected by an inverted U tube. 
When chlorine was passed into the vessel with the platinum, an E.M.F. of 
0*48 volt was obtained. When chlorine was passed into the beaker containing 
the carbon rod, an E.M.F. of 0*14 was obtained, but it dropped almost immedi- 
ately to zero. When chlorine was passed into both beakers, no E.M.F. was 
obtained. 

The chemical reaction of the chlorine-carbon cell was as follows : 

II,0 + C1,-211CU0, 

the oxygen of the decomposed water attacking the carbon, and hydrochloric acid 
and carbon dioxide being formed. 


Carbon Monoxide- Chlorine Cell. 

Cell made as follows : a glass tube, 2*25>iDch bore and C inches long, corked 
at each end, with a porous tube, 1 inch outside diameter, passing through the 
glass tube and corks, and corked at each end ; carbon rods and gas inlet and outlet 
tubes let into each chamber, wiiich were filled with dry animal charcoal previously 
treated with hydrochloric acid. The porous tube was saturated with concentrated 
hydrochloric acid. Chlorine gas was passed through the outer tube. An E.M.F. 
of 0*18 volt was obtained. When carbon monoxide gas was passed through the 
inner tube the voltage increased to 0*33 volt. A slight increase of the pressure 
of the gases increased the voltage. The glass tube became hot. This reaction 
would produce carbon oxychloride. 


Marsh Gas- Chlorine [Cell. 

Two carbon tube electrodes, three-fourths of an inch in diameter and four inches 
long, opposed to one another in a solution of hydrochloric acid, with chlorine 
passed into one and marsh gas into the other, gave an E.M.F. between 0*60 and 
0*70 volt, varying with the condition of the carbon, A current of 0*70 ampere 
was obtained on short circuit, but the cell rapidly polarised. Afterwards fresh 
•carbon electrodes, with the gases passing through them, were placed in distilled 
water, and the E.M.F. gradually increased from 0*00 to 0*14 in twelve hours. 
On testing the solution hydrochloric acid and carbon dioxide were found to be 
present. The chemical reaction of this cell is as follows : 


Cll, + 4 CI 3 4 - 211,0 - CO, + 8IIC1. 

The calculated E.M.F. of this cell is 0*65 volt. 

In these experiments it will be noted that platinum is not essential to the 
reactions. Both electrodes in each case can be carbon tubes or plates. 

In making these determinations of electromotive force and current, a Weston 
direct-reading voltmeter and mil-ammeter were used. Resistance of voltmeter, 
352 ohms, reading from 0*01 to 3*00 volts. The ammeter read from 0 01 to 
2*00 amperes. 
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In all the experiments the gases used were but slightly above atmospheric 
pressure. Owing to limited time, the author is not able to furnish further data. 
Experiments to determine the many interesting questions involved are being 
conducted. 

Mr. C. E. Timmerman, of Cornell University, has assisted the author in carry- 
ing out tho experiments. 


12. On the Determination of the State of Ionisation in Dilute Aqueous 

Solutions containing two Electrolytes. By Professor J. Gr. MacGregor, 

D.Sc., Dalhousie College, Halifax, H.S. 

The object of this communication is to draw attention to tho possibility of 
determining, in some cases, what, according to the dissociation conception of 
electrolytic conduction, the coefficients of ionisation must be in the case of two 
electrolytes present in the same solution, the electrolytes either having, or not 
having, one ion in common, but being such as undergo no chemical change other 
than double decomposition. 

When the two electrolytes (1 and 2) have one ion in common, they are the 
only electrolytes present in the solution. For determining the ionisation co- 
efficients (a,, a^) we have then the following equations': — (a) = Oo/^Vj, 

where Vj, Vg are the regional dilutions of 1 and 2 , i.e. the quotients of the volumes 
of the regions of the solution which may be imagined to be occupied by 1 and 2 
respectively, by the numbers N, and N 2 of gramme-equivalents of these electro- 
lytes present, the equation being obtained from the conditions of kinetic equili- 
brium ; {b) Nj + N 2 Vy = Vf obtained from the equality of the volume (v) of the 
solution to the sum ot the volumes of the regions referred to ; (c) Oj/Wj -f (Vj) 
and (Vo), the functions f and f being determined by means of measure- 

ments of the conductivity of simple solutions, the concentrations of ions in the 
regions occupied by the respective electrolytes being assumed to be the same as 
they would be in simple solutions of the same dilution. A mode of solving these 
equations by a graphical process is described in the papers cited above. 

That the values of the ionisation coefficients obtained by solving these equations 
are those which the dissociation theory demands is borne out by the fact that, 
in the case of solutions containing NaCl and KOI (see papers cited above) or NaOl 
and ^ HCl, when these values are substituted in the expression of the dissocia- 
tion theory for the conductivity of a complex solution, the calculated values agree 
with those observed within a fraction of 1 per cent. 

The following results of the observations made on the above solutions, with 
respect to the relation of the ionisation in such solutions to the concentration, may 
be stated: — (1) In the case of dilute solutions (containing no more than about 0*5 
grm.-equiv. per litre of either electrolyte), the rate at which the common concen- 
tration of ions increases with the concentration of either electrolyte is practically 
constant ; ( 2 ) for solutions of greater concentration, this rate diminishes as the 
concentration of the solution with respect to either electrolyte increases. 

When the electrolytes, 1 and 2, added to water in forming the solution, have 
no common ion, other two, 3 and 4, are formed by double decomposition, and there 
are thus four present in the solution. For determining the ionisation coefficients, 
we have then the following equations^: — (a) = 

and NiVj*N 2 V 2 = N 3 V 3 ’N 4 V 4 , obtained from the conditions of equilibrium; 
(b) Nj Vj + N 2 Vg + N 3 V 3 + N 4 V 4 = V, from the volume relation ; (c) Ui/Vi = 
fi (^i)j Ihe relation of concentration of ions to dilu- 

tion, the V’s having the same signitication as above ; and (d) from the conser- 
vation of mass, Wj and being the numbers of grm. -equivalents of 1 and 2 

' Trans. JST.S. last. Sci., 9, 101 ; Phil. Mag. [5], 41, 276 (1896). 

* McIntosh, Trans. N.S. Inst. Sci.y 9, 120 ; Phil. Mag. [6], 41, 510 (1896). 

• Trans. Roy. Soc. Can. [2], 2, Sec. III. 65 (1896). 
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added to water in forming the solution, w, = N, + N3, + N^, N3 = Nj. 

The solution of those equations, oven by the aid of a graphical process, 
seems to require more accurate values of the conductivity of simple solutions 
than we possess. But with the measurements available, we may readily prepare 
a solution having any desired concentration of ions, and therefore having one of 
the electrolytes present with any desired degree of ionisation. For this purpose 
draw curves for simple solutions of 1, 2, 3, 4, giving the relation of concentration 
of ions to dilution. Bead off from these curves the dilutions, Vj, Vo, &c., of simple 
solutions of 1 , 2, 3, 4 respectively, having the desired common value of the con- 
centration of ions. If simple solutions of these dilutions are mixed in proper pro- 
portions as to volume, there will be no change of ionisation on mixing. To find 
the proper proportions, select any arbitrary value, of the volume of 4 which is 
to be mixed with the others. It will contain grm.-equivalents of 4. 

From equations (<?) above we must have N3 = N,. Hence the volume of 3 to be 
mixed with the others will be ^3 - V3 v^/Y^ Next select arbitrarily any value 
of v.y Then from the second of equations (a) we have v,. 

The volumes of the simple solutions of dilutions V,, V„, V3, V4, which must be 
mixed, in order to form a complex solution having the desired concentration of 
ions, are thus known. The solution may therefore be prepared. JNIoreover, as the 
concentrations of the simple solutions and the volumes of them which arc mixed 
are known, the numbers of grm.-equivalents of the four electrolytes present may 
be determined ; and as the common concentration of ions and the dilutions are 
known, the ionisation coelKcients may be determined. The conductivity of the 
solution may therefore be calculated. 

That the values of the ionisation cooflicients obtained in this way are those 
demanded by the dissociation theory is borne out in this case also by the agree- 
ment between the observed values of the conductivity of solutions of the kind 
under consideration and the values calculated by the aid of these coefficients. 
Mr. E. ir. Archibald, working in my laboratory, has recently both observed (by 
Kohlrausch’s method) and calculated the conductivities of solutions containing 
NaCl and K.^SO^, and therefore also KCl and Na^,S04. 1 am indebted to him for 
the following statement of his results so far as he has gone : — 


Solution, 1 litic of winch contains 


ConOuctn ily 






Concent ra- 








tion of 




NaCl 


KCl 


Jons 



Diffeience 

grm.-equiv. 

gim.- 0 (iuiv. 

gi in -eqiuv. 

gi m -LMjuiv. 




per cent. 

•2041 

•1537 

•1851 

•18.51 

•4541 

5217 

5183 

-0 05 

•iiris 

•0‘J71 

•1091 

•1001 

•287vS 

3311 

3288 

-0-7 

•1087 

•0!V27 

•1035 

•10.55 

•2714 

31(50 

3130 

-0 7 

•03(583 

•03‘2tl 

•035 10 

0.5550 

•1030 

1102 

1188 

-0-3 

•0;.’077 

•02710 

•02087 

•02088 

•0887 

1047 

1011 

-0 3 


These results go to show that the ionisation coefficients of the electrolytes in the 
above solutions have been fairly accurately determined. They are interesting in 
themselves also as showing that the dissociation theory enables us to calculate the 
conductivity of a solution containing two electrolytes with no common ion. 
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Department II. — General Physics. 

1. An Apparatus for Verifying the Law of Conservation of Energy in the 
Human Body, By Professor W. 0. Atwater and Professor E. B, 
Rosa. 

The authors undertook their inTestigation at the Wesleyan University in 1892, 
under the patronage of the University and the Storrs Experiment Station of Con- 
necticut. In 1894 the United States Department of Agriculture inaugurated an 
investigation of the foods and nutrition of the people of the United States, and 
appropriated some funds for the research. The investigation has been continued 
for five years, during which time the apparatus has been gradually developed to a 
comparatively high degree of perfection. 

The general plan of the work is to determine the potential energy of the food 
eaten by the person under investigation, by burning samples in a bomb calorimeter ; 
to analyse other samples and determine the chemical composition of the food ; to 
analyse and burn samples of the waste products of the body ; to measure the 
heat evolved by the subject and the mechanical work done ; then to balance the 
total net energy taken into the body against the energy given off as heat and 
work. 

The beat was measured by placing the person under investigation in a large 
calorimeter, especially designed and constructed for this work, where he was her- 
metically sealed, and where he lived for periods of from one to twelve days. The 
calorimeter was 7 feet long, 6 feet 4 inches high, and 4 feet wide. Its walls were 
double and made of sheet copper and sheet zinc, and this chamber was enclosed 
in concentric wooden walls, to shield the calorimeter from change in temperature 
without. 

The two metal walls were maintained at exactly the same temperature, so 
that no heat was gained or lost through the walls, and the heat generated 
within was carried away by a stream of water flowing through a copper pipe, 
called an ^ absorber.’ Tests of the calorimeter were made by passing an electric 
current through a known resistance, and measuring the heat generated ; and also 
by burning alcohol in a lamp and calculating, from the amount of alcohol burned, 
its composition, and the heat of combustion of pure alcohol determined by the 
bomb calorimeter, the amount of heat that should be given, and measuring the 
heat actually evolved by the respiration calorimeter. These tests showed that 
the calorimeter is a very accurate instrument. 

This investigation is followed up with studies in the metabolism of matter and 
energy in the human body. 


2. The Rate of the Decrease of the Intensify of Shrill Sounds with Time, 
By A. WiLMER Duff, Purdue University^ Indiana. 

Stokes has investigated theoretically the eflect of viscosity in dissipating the 
energy of vibration of shrill sounds, ami aBo, in another paper, the effect of radia- 
tion* Rayleigh has extended his method to thermal conduction, and Kirchhofl 
has investigated the eflect of both viscosity and conduction, arriving at results in 
agreement with the investigations of Stokes and Rayleigh. In the present Paper 
the question is for the first time approached experimentally. 

The distance at which eight very shrill whistles sounded simultaneously under 
a definite pressure just become inaudible is observed, and also the distances at 
which they become inaudible when sounded in pairs. Erom these observations 
the modulus of decay of amplitude is found, and for the case of a note of vibration, 
frequency of 10,600 the modulus of decay turns out to be *66. Comparing this 
result with the theoretical investigations, the eflect of radiation only is deduced, 
and hence a value of ’1485 is found for the constant in Newton’s law of cooling in 
the case of air. These seem to be the only values ever found experimentally for 
the modulus of decay and for the Newtonian constant of radiation. 
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3. A New Inatrument for Measuring the Intensity of Sound, 

By A. Ct. Webster and B. F. Sharpe. 

The instrument consists of a spherical resonator, to which is attached a thin 
glass diaphragm, the excursions of which are measured by the displacements of 
interference fringes in a Michelson interferometer. The diaphragm carries at its 
centre a small plane mirror about 4 mm. square, which is made the movable plane 
of the interferometer, there being besides two fixed glasses and one movable in a 
slide by a slow-raotion screw. The apparatus is solidly fastened to a bronze base, 
and is completely enclosed by a felt-covered box, leaving exposed only the resonator 
with a hole opposite the diaphragm. The apparatus is adjusted so that the fringes 
are parallel and vertical, using first monochromatic and then white light. When 
a sound is made, the fringes become blurred, so as to disappear, and must accord- 
ingly be observed stroboscopically. Accordingly for the source of sound is chosen 
a tuning-fork electrically maintained, while the fringes, reduced by a horizontal 
slit to a line of points moving horizontally, are observed by a small telescope 
whose objective is carried by the prong of a second independently maintained 
tuning-fork vibrating synchronously with the source of sound, the lens moving 
vertically. The fringes are accordingly seen as inclined lines, the inclination of 
which is measured by a graduated circle and rotating cross-hair in the eyepiece. 
The excursion is proportional to the tangent of the angular displacement. This 
was found more convenient than counting the number of fringes displaced. 

The chief difficulty after that of securing absolute freedom from extraneous 
noises is in maintaining the constancy of the source of sound. This was finally 
accomplished by making the break of the fork which interrupted the circuit for the 
source proper a large mercury surface, the controlling fork being placed upon a 
solid pier, and boxed in, so as to emit no sound. The source proper was a fork 
mechanically connected to a diaphragm mounted upon a spherical resonator, all 
being boxed in except a circular orifice in the resonator, so that the sound pro- 
ceeded from a definite point. This could be moved about the room without the 
intensity changing. 

Observations were made in the middle of the night. The following data will 
give an idea of the constancy of the conditions : — 

w = width of one fringe in micrometer divisions. 
h — vertical height of stroboscopic image. 
a - angle of fringes with vertical. 

I = intensity of sound. 

^ = time of observation. 


t 

w 

h 

a 

I 

H. M. 





1 ir, 

•947 

11 78 

19 8 

18-G9 

1 30 

•950 

11-81 

19 52 

1906 

1 50 

•946 

11-80 

19 22 

19-22 

2 5 

•924 

11 81 

19 37 

20-72 

2 25 

•920 

11-84 

19 30 

20 63 

,3 16 

•946 

11-77 

19 22 

19-27 

3 25 

•938 

11 '83 

19 7 

19-02 

3 45 

•923 (?) 

11-79 

18 22 

18-02 


In these observations the source was a fork of 266 complete vibrations, sound- 
ing as if rather gently bowed. Observations of the displacement for a certain 
steady pressure were made, and from observations on the inertia of parts of the 
apparatus it is intended to reduce them to absolute measure. 



TRANSACTIONS OF SECTION A. 


585 


4. Atmosphere in its Effects on Astronomical Research, 

By Pekcival Lowell. 

In every astronomical observation the rays of li^ht which give us our know- 
ledge of things beyond the earth have to traverse three media — the air, the lens, 
and the eye. Though much attention has been given to the lens, and not a little 
to the observer, almost none has been paid to the atmosphere, which on investiga- 
tion turns out to be the most important factor of the three. 

For the purpose of applying and studying this neglected and practically 
unknown factor, the first work in which we owe to Professor W. 11. Pickering at 
Arequipa, the Lowell Observatory was put up at Flagstaff, Arizona. The practical 
results on Mars, Venus, Mercury, Jupiter’s Satellites, and Uranus were both sur- 
prising to observers generally and revolutionary of previous ideas of these bodies.- 

Mr. Douglas then discovered that the cause of bad seeing could itself be seen,, 
and that it was due to distorting refraction produced by waves of condensation and 
rarefaction in the air currents, which waves could be rendered visible as shadow 
bands crossing the field of view. lie determined the size of these waves, their 
respective refractive powers, and the kind, speed, direction, and height of the> 
currents. He thus found (1) that the seeing depends upon the absence of certain 
currents ; (2) that the efiectiveness of the object glass depends upon the size of 
the waves prevailing at any given time and place ; (3) that the visibilities of limb 
and detail are different ; (4) that the noxious currents can already, more or less, 
be predicted. 

To minimise the harmful currents is, therefore, the object from a practical 
point of view. To do this the locality must be as free as possible fronr 
moisture, since water vapour is an unsettling element, and be as little as possible 
subject to change of any kind. These conditions are best satisfied by a large 
oasis in the midst of a desert, which is the case at Flagstaff. 

Lastly, there is an absolute test of seeing, due to the laws of light, which can 
and should be generally applied — the condition of the spurious disk and rings of 
a star seen through a telescope. The scale is as follows : — 


Seeing 
Seeing 
in field. 
Seeing 
Seeing 
Seeing 
Seeing 
Seeing 
motion. 

Seeing 

motion. 

Seeing 

Seeing 

Seeing 

enlarged. 


10. — Disk perfectly defined, rings the same, both motionless in field. 

9. — Disk perfectly defined, rings the same, both moving slightly together 

8. — Disk well defined, rings complete but moving, no bodily motion. 

7. — Disk well defined, rings complete but moving, slight bodily motion. 
6. — Disk well defined, rings tolerably complete, some bodily motion. 

5. — Disk well defined, rings tolerably complete, bodily motion. 

4. Disk well defined, rings broken into lines and dots, more bodily 

3. — Disk well defined, rings broken into lines and dots, much bodily 

2. — Disk tolerably defined, no evidence of rings. 

1. — Disk and rings in one confused mass, motion, slight increase in size. 
0. — Disk and rings in one confused mass, violent motion, image greatly 


5. Automatic Op>oration of Eclipse lyistrumcnts. 
By Professor David P. Todd. 


6 . The Cause of the Semi-annual Inversions of the Type Solar Curve in 
the Terrestrial Magnetic Field. By Professor Frank H. Bigelow, 
TJ.S. Weather Bureau, Washington, D.C. 

This paper gives a brief outline of the computation leading to the type curve, 
the phenomenon of semi-annual inversion, and the explanation of the same. This 
conclusion is then used to criticise certain views of the origin of the diurnal and 
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secular variations of the magnetic needle, widely held, and to advocate another 
working theory which seems to harmonise the system of magnetic observations in 
a suitable manner. 


7. Observations at Toronto with Magnet Watch Integrator, 
By Professor Frank H. Bigelow. 


8. The Yerho.s Observatory. By George E. Hale, Director. 

The author gave an account of the buildings and instruments of the Yerkcs 
Observatory, with a statement regarding the first observations made witli the 
40-inch telescope. 


9. The Effects of Tension and Quality of the Metal upon the Changes in 
Length produced in Iron Wires by Magnetisation. By B. B. Brackett. 


10. On the Susceptibility of Diamagnetic and Weakly Magnetic 
Substances. By A. P. Wills. 


In the paper the author describes in detail a now method, applicable in the 
experimental study of the magnetic properties of those substances in which the 
coefficient of magnetic susceptibility is very small, and either positive or negative. 

Tiie method is based upon the property which all bodies have to a greater or 
less degree — namely, that they experience a mechanical force when placed in a 
non-homogeneous magnetic field. This force acts to impel the body towards 
stronger or weaker parts of the field, according as the body is magnetic or 
diamagnetic. 

By means of a large electromagnet a practically uniform field is obtained, 
at least sufficiently uniform to suit the purpose to which it is put. The magnet 
is so designed that the pole pieces face each other. They are prismatic in form, 
and the surfaces are about H x 8 cm., and there is a space of about 1 J cm. between 
them. The long edges of the pole pieces are placed horizontally. The body to be 
investigated is made in the form of a thin slab. The dimensions of the slab are 
about I X 4'!^ X 8 cm. It is suspended, by means of a long wire, from one end of 
the beam of a delicate balance, and witli the 41 cm. edges horizontal and parallel 
to the pole faces and the 8 cm. edges vertical. The vertical direction is called Z ; 
the horizontal direction parallel to the pole faces Y, and tliat perpendicular to 
the plane of these two X. The lower Z lace of the slab is placed in the horizontal 
plane of symmetry of the pole pieces. 

The conditions of symmetry show that there will be no mechanical force 
acting upon the slab save in the Z direction. The balance serves to determine 
this force, which is called P. Theoretical considerations show 





where A is the area of one of the Z surfaces, II is the strength of field at lower 
Z surface, IIq that at upper Z surface, k the coefficient of susceptibility, defined by 



where is permeability of air, and /u, that of slab. Ho'^ in comparison with is 
found in practice to be negligible. If is put equal to unity, then 


H is determined by measuring the force exerted by the field upon a conductor of 
known length when placed in the field at the proper position, and through which 
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a known current is flowing. For this purpose the same balance mentioned above 
is used. 

A few of the numerous determinations of the susceptibility coeflicients are 
given below. The middle column gives the field strengths at which the determi- 
nations are made. 


Substance. 




H 

K 

Italian marble 



« • 

. 8,080 

- -945 X 10“« 

Optical glass . 


, 

, , 

. 8,120 

- •678x10-’’ 

white wax 


, 

, , 

. 8,220 

-•560xl0"« 

White wood . 




. 8,700 

--•176x 10“6 

Sulphur . 


. 


. 8,220 

-•765x10-6 


The question as to whether the coefilcient k is constant when the field strength 
H is varied is discussed. The following determinations were made upon bismuth. 


Substance. 






H 

K 

Rismuth • 

• 

• 

• 


• 

. 1,G40 

“]2-55xlO^ 

Bismuth 

, 

, 

, 



. 3,680 

-12-22 X 10-^^ 

Bismuth 


, 

, 

, 


. 8,220 

-12 27 xl0-« 

Bismuth , 




, 

, 

. 8,830 

-12-60x10“'^ 

Bismuth • 

. 

. 


. 

. 

. 10,490 

-12-34x10-'^ 


11. On Maijnetic Periodicity as connected with Solar Physics, 

By Arthur Harvey. 

The author advances as a connected theory of solar physics that the sun’s 
true body is within the envelope of which we see the surface ; that it rotates more 
slowly than the luminous (photospheric) cloud-layer, from tlio spots on which the 
sun’s rotation has been calculated ; that spots and prominences are symptoms of 
disturbances which have their seats on the inner sun ; that these loci ot intense 
chemical action occupy large areas, and are intermittent and recurrent in their 
activity. 

lie reviews the arguments respecting periodicity in the cases of sun spots and 
of waves of heat and cold, and seeks to establish, from the records of magnetic 
observations at Toronto, beginning in 1841, that there is a periodicity in magnetic 
disturbances of 27’24575 days, which the author thinks is the synodical rotation 
period of the true body of the sun, with which the recurrences of sun spots, of 
solar protuberances, of hot and cold waves upon the earth, and other phenomena 
dependent on solar action must harmonise. 

From thermal considerations Mr. Carlos ITonort?, of Montevideo, arrives at a 
result almost identical with that of tliis paper. 


WPDiYESnAYy AUGUST 25. 

The following Papers were read : — 

1, On the Befr activity of Certain ATixtures of Gases. />y Professor 
Ramsay, P.B.S., and Morris W. Travers. 

The authors found that the refractivity of air being taken as unity, that of 


Oxygen was 

, 

, 

• 


0-9243 

Nitrogen „ 

. 

. 

. 


1-0163 

Argon „ 

. 




0-9590 

Hydrogen „ 

. 


. 


0-4733 

Helium „ 


• 

• 


0-1255 


They investigated the ratio of the refractivities of oxygen, nitrogen, and argon, 
and compared them with that of air. It was found that the sum of the retrac-^ 
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tivities of the constituents, taken in the proportions in which they occur in air, 
differed from that of air by being 0*36 per cent, too small. Similar experiments 
made with a mixture of hydrogen and helium gave the result that the sum of the 
refractivities of these gases, taken separately, differed from that of the mixture by 
no less than 3 per cent, in excess. It is thus probable that gases are not without 
influence on each other, but that in some cases the refractivity is diminished, in 
others increased by mixture. 


2. Note on the Use of the Trifilar Suspension in Physical Apparatus, 

By SiLVANus P. Thompson, F.R.S. 

The author advocated the use of trifilar suspensions in certain forms of 
apparatus, as having the advantage over bifilar in not being liable to be thrown 
into lateral pendular motion. He instanced the case of a differential D’Arsonval 
galvanometer, of a moment-of«inertia apparatus designed by Professor Dalby, and 
of an apparatus designed by himself for illustrating mechanically the transmission 
of transverse vibrations and of Hertz waves, in which model the part corresponding 
to the Hertz resonator (a metal ring) was hung by a trifilar suspension. 

3. On Zeeman! 8 Discovery of the Effects of Magnetism on Spectral Lines, 
By Professor 6. J. Lodge, F.R.S, 


4. On the Use of a Constant Total C'urrent Shunt tvith Ballistic Galvano- 
meters, By Professor W. E. Ayrton, F,R.S.^ and J. Mather. 


5. The Sensibility of Galvanometers, By Professor W. E. Ayrton, F.R.S. , 

and J. Mather. 


6. Short versus Long Galvanometers for Very Sensitive Zero Tests, 

By Professor W. E. Ayrton, F.R.S., and J. Mather. 

7. On a Research in Thermo-electricity by means of a Flatimim Resistance 

Pyrometer, By H. M. Tory, M.A., Lecturer in Mathematics and 

Demonstrator in Physics, McGill University, Montreal. 

[Communicated by Prof. U. L. Callendak, M.A., F.R S.] 

The paper is an account of some experiments carried cn in the McDonald 
Physics iuilding of McGill College, with a view to applying the electrical resist- 
ance pyrometer to the phenomena of thermo-electricity. 

The method was suggested by Professor Callendar, whose work, with that of 
Messrs. Griffiths, Heycock, and Neville, has fairly well established the formulas 
for calculating temperature by this means. 

The object of the investigation was to give a more rigid verification of Tail’s- 
parabolic fermula. 

The research, as conducted, naturally divides itself into three parts : — 

1. The study of the usual form of copper-iron junction. 

2. The study of a cast-iron wrought-iron junctjoii. In conducting some experL 
ments on the cyclical variation in the cylinder wall of a steam-engine, Professor 
Callendar found a couple of this type most suitable. 

3. A direct comparison of the electrical resistance pyrometer with the platinum- 
platinum-rhodium couple. 

In all cases the compensation method was used for measuring the E.M.F., 
the junction being balanced against a storage cell, which in turn was continuously 
balanced against a Clark cell kept at constant temperature. A carefully calibrated 
rheostat and a resistance box, both of the same material, were used. 
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The copper, cast-iron, and wrought-iron were tinned together at one end and 
heated in an oil bath, id which also was inserted the tube containing the pyro- 
meter. The observations were taken only at perfectly steady temperatures. The 
direct reading galvanometer, devised by Professor Oallendar for the purpose, was 
used in taking temperatures with the pyrometer. A carefully calibrated resistance 
box of the standard type was also used. 

The platinum temperatures were calculated from the formula 

pt = 

and the air thermometer temperatures by means of the difference formula 

• • • -w 

The object being to show the relation between the experimental curve and Tait's 
parabola, it is quite obvious that the ordinary method of plotting the temperature 
and the E.M.F. is not sufficient. A difference method similar to that above— equa- 
tion (2) — was therefore adopted. The values of t were taken as abscissas, and the 
corresponding values t-'tc as ordinates, tc denoting the couple temperature, where 

is the temperature coefficient. 

The relation to the parabolic formula may be shown thus : — 

If 

Ei - at (Tail’s formula) 

then 

_LV-JL) 

aoo/ iou/> 


- - = K(i 


where 5 is a constant depending on the nature of the metals. The value 5 was 
calculated from the observed difference, f t , at 200°. With this value for 8 the 
parabola was plotted, passing therefore through three points on the experimental 
curve, those corresponding to 0°, 100°, and 200°. The accompanying curves show 
the differences from this parabola plotted along the axes. 

In order to compare the Le Chatelier couple directly with the resistance pyro- 
meter, the couple and the pyrometer were placed m the same porcelam tube. The 
couple was the usual form, a pure platinum wire coupled with another of platinum 
containing 10 per cent, rhodium. The wire was obtained from Messrs. Johnson, 
Matthey & Co. The junction was placed so as to be directly under the pyrometer 
coil, from which it was separated by strips of mica. 

The temperatures, as before, were taken only at steady points. These points 
were obtained by varying the gas supply under a vessel containing molten tin, and 
by taking the melting point of tin, the boiling point of sulphur, and the melting 
point of silver. The curve in this case was also plotted against the parabola, the 
value 8 being calculated from the observed difference of temperature, t - fc, at 979°. 

E 

The temperature coefficient of the junction was in this case taken as so as to 

oOU, 

give the nearest parabola throughout the whole range. 

Curve I. shows the differences for the copper wrought-iron couple. The ab- 
scissas are temperatures by the air thermometer, the ordinates as before stated the 
differences from the parabola. The difference is — 1°T at 50° and about + 1°T 
at 150°. 

If the temperature of the neutral point be calculated from the difference equa- 
tion, using for 8 the value found at 200, namely, 23-25, then Tq (the neutral 
point) = 266°. The experimental curve shows it to be somewhat lower than this. 

Curve II. shows on the same scale the differences for the junction of cast-iron 
and wrought-iron. The differences are smaller in this case, and the curve more 
regular. The neutral point, calculated as before, is 917°, which lies entirely 
beyond the limits of the experiments. The value of 8 is 5*765. 

By reference to the thermo-electric diagram it will be seen that the line for 
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cast-iron lies on the same side of the copper line as that of wrought-iron, but a 
little lower down. 

Curve III. shows the differences as before for the platinum-platihum-rhodium 
couple. The scale here for the abscissas is just one-iifth that in the other two cases, 
and that of the ordinates one-tenth. The greatest difference will bo seen to be at 
160^^, the differences being much greater below the 500° point than above. 


U'eniperature by Thermocouple (DifTerencc from. Tait’s Formula). 



The curve representing the formula of Ilolborn and Wien ^ has been plotted, 
and the differences from the same parabola are shown by the dotted line. Their 
observations are necessarily much less accurate than those taken by the resistance 
pyrometer, as is shown by the points marked O, along the difference curve. This 
IS owing, in the first place, to the difficulties in air thermometry work, and also to 
the fact that the temperature w'as changing when tho observations were taken. 
Their curve, though similar, shows the E.M.F. for the same difference of tempera- 
ture to be considerably higher than in the present case, due probably to a difference 
in the composition of the alloy. Various other empirical formulm have been sug- 
gested, hut as they have no theoretical basis, tliey have not been considered. It 
is obvious that a straight line does not fulfil the conditions unless it he between 
points not very far separated, 

Tait’s formula, as far as it holds, perhaps simply amounts to drawing the nearest 
parabola, as the differences found in the present observations are quite beyond the 
limits of possible experimental errors. There seems to be no reason, however, to 
conclude that the formula may not represent the physical explanation of the effect, 
at least to a first approximation. 


* Wil'd, Ann.^ 1892, p. 107. 
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8. On a Simjiile Modification ofi the Board of Trade Form of the Standard 
Clark Cell. By H. L. Callendar, M.A.^ F.E.S.^ Professor of 
Physics, and H. T. Barnes, M.A.Sc.^ Demonstrator of Physics, of 
McGill University, Montreal. 

The authors have been engaged for some years past in experiments on the 
variation of E.M.F. of the Clark cell under the most exacting conditions of tem- 
perature change. They have studied the behaviour of various types of the cell, 
and have recently devised a very simple form, in many respects closely resembling 
that described in the Board of Trade Memorandum, but somewhat easier to con- 
struct, and also entirely free from diffusion-lag in the changes of its E.M.F. 
consequent on the most sudden variations of temperature. 

The cell is set up in a test-tube, but the materials are lilled in the inverse of 
the usual order. First zinc amalgam, to which connection is made by means of a 
wire sealed into a glass tube. Next a layer of crystals of zinc sulphate, followed 
by a layer of paste of mercurous sulphate prepared in the usual manner, in which 
is coiled a fine amalgamated platinum wire, which serves in place of the mercury. 
The whole is sealed either with a cork and marine glue, or better hermetically, by 
scaling the glass tube on to the platinum electrodes. ■ 

With this method of construction, both the elements are always in contact 
with crystals, and there can be no diffusion-lag. The cells are at least equal to 
the II form in this respect, aild are much easier to make, and more convenient to 
use, especially for immersion in a water-bath. 

The same method of construction has also been applied with success to the 
cadmium cell. These cells appear to bo as reliable as the Clark cells at tempera- 
tures above 10° 0., but the E.M.F. is dependent upon the proportions of the amal- 
gam. Below 1 0° 0., there appear to be two possible rates of variation of the E.M.F., 
corresponding to different hydrates, as shown in a recent communication to the 
Royal Society to be the case with the Clark cell between the t(*mp('raturt's /j0° 
and 60°. _ 

9. On the Cyclical Variation loith Temper ahire of the E.M.F. of the 

IT Form of ClavEs Cell. By F. S. Spiers, F. Twyman, and \V. L. 

W ATERS . 

10. On the Disruptive Discharge in Air and Dielectric Liquids. 

By T. W. Edmondson. 

The object of the experiments described was to determine, if possible, the- 
relation existing between the spark-length and the potential at which the dis- 
ruptive discharge takes place in air and a number of insulating oils, when tlie- 
electrodes used are spheres. The measurements in air were made by direct 
readings of a guard-ring electrometer and a spark micrometer, connected in parallel 
with a Wimshurst machine. 

The curves for air, in which the ordinates represent potential differences, and 
the abscissas the corresponding spark -lengths, are found to he hyperbolic and are 
represented by equations of the form — 

where Y is given in C.G.S. units and d in millimetres. 

The values of a and h obtained were — 


Diam. of Spheres in Cm. a b 

•5 235-U 83-25 

10 18C-36 99-42 

2-0 144-41 114-49 

30 49*42 144-71 


The differences between the calculated and observed values of V are in 
general, not more than 1 per cent., and there is also good agreement with the 
results previously obtained by Bailie, Bichat and Blondlot, Paschen and Freyberg. 
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In the case of the insulating oils it was found impracticable to make direct 
readings, on account of the dense deposit of carbon on the electrodes, which 
materially altered the conditions of the discharge. 

The method of Macfarlane and Pierce was therefore adopted, and a pair of 
spheres of 1 cm. diam. were used as a subsidiary electrometer, the results previously 
obtained being used for the reduction of the results now obtained. At high 
potentials it was found impossible to get a consistent set of readings, on account of 
the violent agitation of the liquid, especially in the case of the lighter oils, like 
kerosene, in which the convection effects were very pronounced. 

It was found that, while a smaller difference of potential is necessary to pro- 
duce a discharge through a given distance for large spheres than for small ones, 
when they are close together, for longer distances the air is dielectrically stronger 
for large than for small spheres. For sj»rk-lengths of more than 3 mm. the curves 
are practically straight, and the dielectric strength is therefore constant. 

The values of the dielectric strength of air, at ordinary pressures, are aa follows : — 

Dielectric Strength, 


Diam. of Spheres 

C.C.S. Units 

Kilovolts 

in Cm. 

per Cm. 

per Cm. 

•5 . . . 

95 

28-5 

1-0 . . . 

102 

30-6 

20 . . . 

108 

32*4 

30 . . . 

120 

360 


All of these values are considerably higher than that obtained by Macfarlane 
for planes, viz. 23*8 kilovolts per cm. 

The results for the insulating oils are not as uniform as those for air, but the 
same general characteristics were found, except in a few cases. In all cases the 
curvCvS for the spheres of 3 cm. diam. are fairly straight, and it would appear that 
Macfarlane’s conclusion that the dielectric strength of liquids is constant for plane 
electrodes is warranted. 

The following estimates for the dielectric strength of the oils experimented 
upon are given : — 



C.Cr.S. Units 

Kilovolts 


per Cm. 

per Cm. 

Kerosene 

372 

112 

Water white distillate ..... 

528 

108 

Paraffin oil 

422 

J27 

Export distillate 

319 

96 

Natural sperm oil 

201 

60 

Mineral sperm oil 

231 

()9 

Raw linseed oil 

223 

67 

Boiled linseed oil 

222 

67 

Olive oil 

169 

51 

Neatsfoot oil . 

172 

62 

Castor oil ...... . 

347 

104 

Lard oil 

90 

27 

Turpentine 

233 

70 

I Xylol 

164 

49 


In the experiments with the alternating current the source of potential was a 
large induction coil, through the primary of which an alternating current of 
E.M.F, 50 volts and frequency 125 was passed, the electrometer and the spark 
micrometer being connected in parallel with the secondary of the coil. A varmble 
resistance was used to regulate the potential. The results were not very satis- 
factory, but the values of the spark-length for the largest spheres were situated 
between those obtained by Steinmetz and Siemens, the frequencies of the alter- 
nating currents used by them being respectively 150 and 100. In fact the results 
appear to bear out Taumann’s contention that the more rapidly the potential is 
changed the less will be the potential required to spark across any given distance. 
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Section B.-^CHEMISTRY. 

President of the Section. — Professor W. Ramsay, Ph.D., F.R.S, 


THVRSBAY, AUGUST 19. 

Tho President delivered the following Address : — 

An Undiscovered Gas, 

A SECTIONAL address to members of the British Association falls under one of 
three heads. It may he historical, or actual, or prophetic ; it may refer to the 
past, the present, or the future. In many cases, indeed in all, this classification 
overlaps. Your former Presidents have given sometimes a historical introduction, 
followed by an account of the actual state of some branch of our science, and, 
though rarely, concluding with prophetic remarks. To those who have an afiec- 
tion for the past, the historical side appeals forcibly ; to the practical man, and to 
the investigator engaged in research, the actual, perhaps, presents more charm j 
while to the general public, to whom novelty is often more of an attraction than 
truth, the prophetic aspect excites most interest. In this address I must endeavour 
to tickle all palates ; and perhaps I may be excused if I take this opportunity of 
indulging in the dangerous luxury of prophecy, a luxury which the managers of 
scientific journals do not often permit their readers to taste. 

The .subject of my remarks to-day is a new gas. I shall describe to you later 
its curious properties ; but it would be unfair not to put you at once in possession of 
the knowledge of its most remarkable property — it has not yet been discovered. 
As it is still unborn, it has not yet been named. The naming of a new element is 
no easy matter. For there are only twenty-six letters in our alphabet, and there 
are already over .seventy elements. To .select a name expressible by a symbol 
which has not already been claimed for one of the known elements is ditficult, and 
the difficulty is enhanced when it is at the same time required to select a name 
which shall be descriptive of the properties (or want of properties) of the element. 

It is now my task to bring before you the evidence for the existence of this 
undiscovered element. 

It was noticed by Dobereiner, as long ago as 1817, that certain elements could 
be arranged in groups of three. The choice of the elements selected to form these 
triads was made on account of their analogous properties, and on the sequence of 
their atomic weights, which had at that time only recently been discovered. Thus 
calcium, strontium, and barium formed such a group ; their oxides, lime, strontia, 
and baryta are all easily slaked, combining with water to form soluble lime-water, 
strontia-water, and baryta-water. Tbeir sulphates are all sparingly soluble, and 
resemblance had been noticed between their respective chlorides tfnd between their 
nitrates. Regularity was also displayed by their atomic weights. The numbers 
then accepted were 20, 42*6 and G6 ; and the atomic weight of strontium, 42*6, is 

1897. Q Q 



694 REPORT — 1897. 

the arithmetical mean of those of the other two elements, for (66 + 20)/2 =42*5. 
The existence of other similar groups of three was pointed out by Ddbereiner, and 
such groups became known as ‘ Dobereiner’s triads.’ 

Another method of classifying the elements, also depending on their atomic 
weights, was suggested by Pottenkofer, and afterwards elaborated by Kreniers, 
Gladstone, and Cooke. It consisted in seeking for some expression which would 
represent the differences between the atomic weights of certain allied elements. 
Thus, the difference between the atomic weight of lithium, 7, and sodium, 2d, is 16 ; 
and between that of sodium Jind of potassium, 60, is also 16. The regularity is 
not always so conspicuous; Dumas, in 1857, contrived a somewhat complicated 
expression which, to some extent, exhibited regularity in the atomic weights of 
fluorine, chlorine, bromine, and iodine ; and also of nitrogen, phosphorus, arsenic, 
antimony and bismuth. 

The upshot of these efforts to discover regularity was that, in 1864, Mr. John 
Newlands, having arranged the elements in eight groups, found that when placed 
in the order of their atomic weights, ‘ the eighth element, starting from a given one, 
is a kind of repetition of the first, like the eighth note of an octave in music.’ To 
this regularity he gave the name ^ The Law of Octaves.’ 

The development of this idea, as all chemists know, was due to the late 
Professor Lothar Meyer, of Tubingen, and to Professor Mendel^etf, of St. Peters- 
burg. It is generally known as the ^Periodic Law.’ One of the simplest methods 
of showing this arrangement is by means of a cylinder divided into eight segments 
by lines drawn parallel to its axis; a spiral line is then traced round the cylinder, 
which will, of course, be cut by these lines eight times at each revolution. Ilolding 
the cylinder vertically, the name and atomic weight of an element is written at 
each intersection of the spiral with a vertical line, following the numerical order 
of the atomic weights. It will be found, according to' Lothar Meyer and Men- 
del^eff, that the elements grouped down each of the vertical lines form a natural 
class; they possess similar properties, form similar compounds, and exliibit a 
graded relationship between their densities, melting-points, and many of their 
other properties. One of these vertical columns, however, diders from the others, 
inasmuch as on it there are three groups, each consisting of three elements with 
approximately equal atomic weights. The elements in question are iron, cobalt, 
and nickel ; palladium, rhodiuiu, and ruthenium ; and platinum, iridium, and 
osmium. There is apparently room for a fourth group of three elements in this 
column, and it may be a fifth. And the discovery of such a group is not unlikely, 
for when this table was first drawn up Professor Meridel6eff drew attention to 
certain gaps, which have since been tilled up by the discovery of gallium, ger- 
manium, and others. 

The discovery of argon at once raised tlie curiosity of Lord Rayleigh and 
myself as to its position in this table. With a density of nearly 20, if a diatomic 
gas, like oxygen and nitrogen, it would follow fluorine in the periodic table ; and 
our first idea was that argon was probably a mixture of three gases, all of which 
possessed nearly the same atomic Aveights, like iron, cobalt, and nickel. Indeed, 
their names were suggested, on this supposition, with patriotic bias, as Anglium, 
Scotium, and Hibernium ! But when the ratio of its specific heats had, at least 
in our opinion, unmistakably shown that it was moleeiilarly monatomic, and not 
diatomic, as at first conjectured, it was necessary to believe that its atomic weight 
was 40, and not 20, and that it followed chlorine in the atomic table, and not 
fluorine. But here arises a difficulty. The atomic weight of chlorine is 35‘o, and 
that of potassium, the next element in order in the table, is 39T ; and that of 
argon, 40, follows, and does not precede, that of potassium, as it might be expected 
to do. It still remains possible that argon, instead of consisting wholly of 
monatomic molecules, may contain a small percentage of diatomic molecules ; but 
the evidence in favour of this supposition is, in my opinion, far from strong. 
Another possibility is that argon, as at first conjecture, may consist of a mixture 
of more than on^ element ; but, unless the atomic weight of one of the elements in 
the supposed mixture is very high, say 82, the case is not bettered, for one of the 
elements in the supposed trio would still have a higher atomic weight than 
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potassium. And very careful experiments, carried out by Dr. Norman Collie and 
myself, on the fractional diffusion of argon, have disproved the existence of any 
fluch element with high atomic weight in argon, and, indeed, have practically 
demonstrated that argon is a simple substance, and not a mixture. 

The discovery of helium has thrown a new light on this subject. Helium, it 
will be remembered, is evolved on heating certain minerals, notably those contain- 
ing uranium ; although it appears to be contained in others in which uranium is 
not present, except in traces. Among these minerals are cleveite, monazite, 
fergusonite, and a host of similar complex mixtures, all containing rare elements, 
such as niobium, tantalum, yttrium, cerium, &c. The spectrum of helium is 
characterised by a remarkably brilliant yellow line, which had been observed as 
long ago as 1868 by Professors Frankland and Lockycr in the spectrum of the sun’s 
chromosphere, and named * helium ’ at that early date. 

The density of helium proved to be very close to 2*0, and, like argon, the ratio 
of its specific heats showed that it, too, was a monatomic gas. Its atomic weight 
therefore is identical with its molecular weight, viz., 4*0, and its place in the 
periodic table is between hydrogen and lithium, the atomic weight of which 
is 7*0. 

The difibrence between the atomic weights of helium and argon is thus 36, or 
40 — 4. Now there are several cases of such a difference. For instance, in the 
group tlie first member of wdilch is fluorine we have — 


Fluorine 

(fiilorine 

Manganese 

In the oxygen group — 

Oxygen 

Sulphur 

Chromium 


. 19 
. a5*6 
. 55 


16-5 

19*5 


IG 

32 

52-3 


16 

20':i 


In the nitrogen group— 

Nitrogen . 
rhosphoi us 
Vanadium . 

-Vnd in the carbon group — 

Carbon 
Silicon 
Titanium . 


U 
31 
51 1 


17 
20 4 


12 
28 .3 

18 1 


10-3 

19-8 


'fhese instances suffice to show that approximately tlie diflerences are 30 aud 20 
between consecutive members of the corresponding groups of elements. The total 
diflerences between the extreme members of the short series mentioned are — 


lyianganesc— Fluorine 
Chromium — Oxygen . 
V anadium — Nit rogen 
Titanium — Carbon 


36 

36 3 

37 4 
36 i 


This is approximately the difterence between the atomic weights of helium and 
argon, .36. 

There should, therefore, be an undiscovered element between helium and argon, 
with an atomic weight 16 units higher than that of helium, and 20 units lower 
tlian that of argon, namely 20. And if this unknown element, like helium and 
argon, should prove to consist of monatomic molecules, then its density should be 
half its atomic weight, 10. And pushing the analogy still farther, it is to be 
expected that this element should he as iiidifterent to union with other elements 
as the two allied elements. 


Q Q 2 



596 


REPORT — 1897. 


^ly assistant, Mr. Morris Travers, has indefatigahly aided me m a search for 
this unknown gas. There is a proverb about looking for a needle in a haystack ; 
modern science, with the aid of suitable magnetic appliances, would, if the rewand 
were sufficient, make short work of that proverbial needle. But here is a supposed 
unknown gas, endowed no doubt with negative properties, and the whole world to 
find it in. Still, the attempt had to be made. 

We first directed our attention to the sources of helium — minerals. Almost 
every mineral which we could obtain was heated in a vacuum, and the gas which 
was evolved examined. The results are interesting. Most minerals give off gas 
when heated, and the gas contains, as a rule, a considerable amount of hydrogen, 
mixed with carbonic acid, questionable traces of nitrogen, and carbonic oxide. 
Many of the minerals, in addition, gave helium, which proved to be widely dis- 
tributed, though only in minute proportions. One mineral — malacone — gave appre- 
ciable quantities of argon ; and it is noteworthy that argon was not found except 
in it (and, curiously, in much larger amount than helium), and in a specimen of 
meteoric iron. Other specimens of meteoric iron were examined, but were found 
to contain mainly liydrogen, with no trace of either argon or helium. It is probable 
that the sources of meteorites might be traced in this manner, and that each could 
be relegated to its particular swarm. 

Among the minerals examined was one to which our attention had been 
directed by Professor Lock 3 'er, named eliasite, irom which he said that he had 
extracted a gas in which he had observed spectrum lines foreign to helium. lie 
was kind enough to furnish us with a specimen of this mineral, which is exceed- 
ingly rare, hut the sample which wo tested contained nothing but undoubted 
helium. 

Daring a trip to Iceland in 1895, 1 collected some gas from the boiling springs 
there ; it consisted, for the most part, of air, but contained somewhat move argon 
than is usually dissolved when air is shaken with water. In the spring of 1890 
Mr. Travers and I made a trip to the Pyrenees to collect gas from the mineral 
springs of (lauterets, to which our attention had been directed by Dr. Bouchard, 
who pointed out that these gases are rich in helium. We examined a number 
of samples from the various springs, and confirmed Dr. Bouchard’s results, hut 
there was no sign of any unknown lines in the spectrum of these gases. Our quest 
was in vain. 

We must now turn to another aspect of the subject. Shortly after the 
discovery of helium, its spectrum was very carefully examined by Professors Runge 
and Pascheu, the renowned spectroscopists. The spectrum was photographed, 
special attention being paid to the invisible portions, termed the ‘ultra-violet’ and 
‘infra-red.’ The lines thus registered were found to have a harmonic relation to 
each other. They admitted of division into two sets, each complete in itself. 
Now, a similar process had been applied to the spectrum of lithium and to that of 
sodium, and the spectra of these elements gave only one series each. Hence, 
Professors Runge and Pascheu concluded that the gas, to which the provisional 
name of helium had been given, was, in reality, a mixture of two gases, closely 
resembling each other in properties. As we know no other elements with atomic 
weights between those of hydrogen and lithium, there is no chemical evidence 
either for or against this supposition. Professor Runge supposed that ho had 
obtained evidence of the separation of these imagined elements from each other by 
means of diffusion ; but Mr. Travers and I pointed out that the same alteration of 
spectrum, which was apparently produced oy diffusion, could also he caused by 
altering the pressure of the gas in the vacuum tube ; and shortly after Professor 
Runge acknowledged his mistake. 

These considerations, however, made it desirable to subject helium to system- 
atic diffusion, in the same way as argon had been tried. The experiments were- 
carried out in the summer of 1890 by Dr. Collie and myself. The result was 
encouraging. It was found possible to separate helium into two portions of 
different rates of diffusion, and consequently of different density by this means. 
The limits of separation, however, were not very great. On the one hand, we 
obtained gas of a density close on 2-0 ; and on the other, a sample of density 2*4 
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or thereabouts. The ditBculty was increased by the curious behaviour, which we 
have often had occasion to confirm, that helium possesses a rate of dilfusion too 
rapid for its density. Thus, the density of the lightest portion of the diffused gas, 
calculated from its rate of diffusion, was 1*874 ; but this corresponds to a real 
density of about 2*0. After our paper, giving an account of these experiments, 
had been published, a German investigator, Herr A. Hagenbach, repeated our 
work and confirmed our results. 

The two samples of gas of different density differ also in other properties. 
Different transparent substances differ in the rate at which they allow light to pass 
through them. Thus, light travels through water at a much slower rate than 
through air, and at a slower rate through air than through hydrogen. Now Lord 
Itayloigh found that helium offers less opposition to the passage of light than any 
other substauce does, and the heavier of the two portions into which helium had 
been split offered more opposition than the lighter portion. And the retardation 
of the light, unlike what has usually been observed, was nearly proportional to the 
densities of the samples. The spectrum of these two samples did not differ in the 
minutest particular; therefore it did not appear quite out ot the question to hazard 
the speculation that the process of diffusion was instrumental, not necessarily in 
separating two kinds of gas from each other, but actually in removing light 
molecules of the same kind from heavy molecules. This idea is not new. It had 
been advanced by Prof. Schiitzenberger (whose recent death all chemists have to 
deplore), aud later, by Mr. Crookes, that what we term the atomic weight of an 
element is a mean; that when we say that the atomic weight of oxygen is 16, 
we merely state that the average atomic weight is 16; and it is not inconceivable 
that a certain number of molecules have a weight somewhat higher than 8*2, while 
a certain number have a lower weight. 

We therefore thought it necessary to test this question by direct experiment 
with some icnown gas ; and we chose nitrogen, as a good material with which to 
test the point. A much larger and more convenient apparatus for diffusing gases 
was built by Air. Travers and my.self, and a set of systematic diffusions of nitrogen 
was carried out. After thirty rounds, corresponding to 180 diffusions, the density 
of the nitrogen was unaltered, and that of the portion which should have diffused 
most slowly, had there been any difference in rate, was identical with that of the 
most quickly diffusing portion — { with that of the portion which passed first 
through the porous plug. This attempt, therefore, was unsuccessful ; but it was 
worth carrying out, tor it is now certain that it is not possible to separate a gas of 
undoubted chemical unity into portions of different density by diffusion. And 
these experirnent.s rendered it exceedingly improbable that the difference in density 
of the two fractions of helium was due to separation of light molecules of helium 
from heavy molecules. 

The apparatus used for diffusion had a capacity of about two litres. It was 
filled with helium, and tlie operation of diffusion was carried through thirty times. 
There were six reservoirs, each full of gas, and eacl* was separated into twm by 
diffusion. To the heavier portion of one lot, the lighter portion of the next was 
added, and in this manner all six reservoirs were successively passed through the 
diffusion apparatus. This process was carried out thirty times, each of the six 
reservoirs having had its gas diffused each time, thus involving 1 80 diffusions. 
After this process, the density of the more quickly diffusing gas was reduced to 
2*02, Ayhile that of the less quickly diffusing had increased to 2*27. The light 
portion on re-diffusion hardly altered in density, while the heavier portion, when 
divided into three portions by diffusion, showed a considerable difference in density 
between the first third and the last third. A similar set of operations was 
carried out with a fresh quantity of helium, in order to accumulate enough gas to 
obtain a sufficient quantity for a second series of diffusions. The more quickly- 
diffusing portions of both gases were mixed and rediffiised. The density of the 
lightest portion of these gases was 1*08; and after other 15 diffusions, the density 
of the lightest portion had not decreased. The end had been reached ; it was not 
possible to obtain a lighter portion by diffusion. The density of the main body 
of this gas is therefore 1*98 ; and its refractivity, air being taken as unity, is 
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0*l!245. The spectrum of this portion does not differ in any respect from the 
usual spectrum of helium. 

A.S re-diffusion does not alter the density or the refractivity of this gas, it is 
right to suppose that either one definite element has now been isolated ; or that 
if there are more elements tlian one present, they possess the same, or very nearly 
the same, density and refractivity. There may be a group of elements, say three, 
like iron, cobalt, and nickel ; but there is no proof that this idea is correct, and 
the simplicity of the spectrum would be an argument against such a supposition. 
This substance, forming by far the larger part of the whole amount of the gas, 
must, in the present state of our knowledge, be regarded as pure helium. . 

On the other hand, the heavier residue is easily altered in density by re-diffu- 
sion, and this would imply that it consists of a small quantity of a heavy gas 
mixed with a large quantity of the light gas. Repeated re-diffusion convinced us 
that there w^as only a very small amount of the heavy gas present in the mixture. 
The portion which contained the largest amount of heavy gas was found to have 
the density 2-275, and its refractive index was found to be 0-1.333. On re-dif- 
fusing this portion of gas until only a trace sufficient to fill a Plucker’s tube was 
left, and then examining the spectrum, no unknown lines could be detected, but, 
on interposing a jar and spark gap, the well-known blue lines of argon became 
visible; and even without the jar the red lines of argon, and the two green groups 
were distinctly visible. The amount of argon present, calculated from the density, 
was 1*04 per cent., and from tlie refractivity ]’14 per cent. The conclusion ha<i 
therefore to be drawn that the heavy constituent of lieliiim, as it comes off the 
minerals containing it, is nothing new, but, so far as can be made out, merely a 
small amount of argon. 

If, then, there is a new gas in Avhat is generally termed helium, it is mixed 
with argon, and it must be present in extremely minute traces. As neither 
helium nor argon has been induced to form compounds, there does not appear to 
bo any method, other than diffusion, for isolating such a gas, if it exists, and that 
method has failed in our hands to give any evidence of the existence of such a gas. 
It by no means follows that the gas does not exist ; the only conclusion to be 
drawn is that we have not yet stumbled on the material which contains it. In 
fact, the haystack is too large and the needle too inconspicuous. Relerence to 
the periodic table will show that between the elements aluminium and indium 
there occurs gallium, a substance occurring only in the minutest amount on the 
earth’s surface ; and following silicon, and preceding liii, appears the element 
germanium, a body which has as yet been recognised only in one of the rarest of 
minerals, argyrodite. Now, the* amount of helium in fergiisonitc, one of tlie 
minerals which yields it in reasonable quantity, is only 33 parts by a\ eight in 
100,000 of the mineral ; audit is not improbable that some other mineral may 
contain the new gas in even more minute proportion. If, however, it is accom- 
panied in its still undiscovered source by argon and helium, it will bt) a work of 
extreme difficulty to effect a separation from these gases. 

In these remarks it has been assumed that the new gas will resemble argon 
and helium in being indifferent to the action of reagents, and in not forming com- 
pounds. This supposition is worth examining. In considering it, the analogy 
with other elements is all that we have to guide us. 

We have already paid some attention to several triads of elements. We have 
seen that the differences in atomic weights between the elements fluorine and 
manganese, oxygen and chromium, nitrogen and vanadium, carbon and titanium, 
are in each case approximately the same as that between helium and argon, viz., 3G. 
If elements further back in the periodic table he examined, it is to be noticed that 
the differences grow less, the smaller tJie atomic weights. Thus, between boron 
and scandium, the difference is 33 ; between beryllium (glucinum) and calcium, 
31 ; and between lithium and potassium, 32. At the same time, we may remark 
that the elements grow liker each other, the lower the atomic weights. Now, 
helium and argon are very like each other in physical propu'ties. It may he 
fairly concluded, I think, that in so far they justify their position. Moreover, the 
pair of elements which show the smallest difference between their atomic weights 
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is beryllinm and calcium ; there is a somewhat greater difference between lithium 
and potassium. And it is in accordance with this fragment of regularity that 
helium and argon show a greater difference. Then again, sodium, the middle 
element of the lithium triad, is very similar in properties both to lithium and 
potassium ; and we might, therefore, expect that the unknown element of the 
helium series should closely resemble both helium and argon. 

Leaving now the consideration of the new element, let us turn our attention to 
the more general question of the attunic weight of argon, and its anomalous posi- 
tion in tlie periodic scheme of the elements. The apparent difficulty is this: The 
atomic weight of argon is 40 ; it has no power to form compounds, and thus 
possesses no valency ; it must follow chlorine in the periodic table, and precede 
potassium ; hut its atomic weight is greater than that of potassium, whereas it is 
generally contended that the elements should follow each other in the order of their 
atomic weights. If this contention is correct, argon should have an atomic weight 
smaller than 40. 

Let us examine this contention. Taking the first row of elements, we have : 

Li - 7, Be - 9-8, B - 1 1, C = 12, N = 14, O - 10, F = 19, ? 20. 

The differences are : 

2 8 , 1 * 2 , 1 0 , 2 0 , 2 0 , 3 0 , 10 . 

It is obvious that they are irregular. The next row shows similar irregu- 
larities. Thus : 

(? - 20), Na - 23, ]Mg = 24’3, A1 = 27, Si = 28, P = 31, S - 32, Cl - 35 5, A = 40. 

iVnd the differences : 

3*0, P3, 2-7, 10, 3 0, 1-0, 3*5, 4*5. 

The same irregularity might he illustrated by a consideration of each succeed- 
ing row. Between argon and the next in order, potassium, there is a difference of 
--0*9; that is to say, aigon has a higher atomic weight than potassium by 0*9 
unit ; whereas it might bo expected to have a lower one, seeing that potassium 
follows argon in the table. Farther on in the table there is a similar discrepancy. 
The row is as follows : 

Ag = 10S, Od = 112, In = 114, Sn = 119, Sb = 120*5, Te - 127*7, 1 = 127. 

The differences are : — 


4*0, 2*0, 5*0, 1-5, 7*2, -0*7. 

Here, again, there is a negative difference between tellurium and iodine. And 
this apparent discrepancy has led to many and careful redeterminations of the 
atomic weight of tellurium. Professor Brauner, indeed, has submitted tellurium 
to methodical fractionation, with no positive results. All the recent determina- 
tions of its atomic weight give practically the same number, 127*7. 

Again, there have been almost innumerable attempts to reduce the differences 
between the atomic weights to regularity, by contriving some formula which will 
express the numbers which represent the atomic weights, with all their irregulari- 
ties. Needless to say, such attempts have in no case been successful. Apparent 
success is always attained at the expense of accuracy, and the numbers reproduced 
are not those accepted as the true atomic weights. Such attempts, in my opinion, 
are futile. Still, the human mind does not rest contented in merely chronicling 
such an irregularity ; it strives to understand why such an irregularity should 
exist. And, iu connection with this, there are two matters which call for our con- 
sideration. These are : Does some circumstance modify these ‘ combining propor- 
tions ’ which we term ‘ atomic weights ’ ? And is there any reason to suppose that 
we can modify them at our will ? Are they true ^ constants of Nature/ unchange- 
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able, and once for all determined P Or are they constant merely so long as other 
circumstances, a change in which would modify them, remain unchanged ? 

In order to understand the real scope of such questions, it is necessary to 
consider the relation of the * atomic weights ' to other magnitudes, and especially 
to the important quantity termed * energy/ 

It is known that energy manifests itself under different forms, and that one 
form of energy is quantitatively convertible into another form, without loss. It is 
also known that each form of energy is expressible as the product of two factors, 
one of which has been termed the ^ intensity factor,’ and the other the * capacity 
factor.’ Professor Ostwald, in the last edition of his ' Allgemeine Ohemie,’ classi- 
fies some of these forms of energy as follows : 


Kinetic energy is the product 
Linear „ „ 

Surface „ „ 

Volume „ „ 

Heat „ „ 

Electrical „ „ 

Chemical „ „ 


of Mass into the square of velocity. 

Length into force. 

Surface into surface tension. 

Volume into pressure. 

Ileat-capacity (entropy) into temperature. 
Electric quantity into potential. 

^ Atomic weight ’ into allin ity. 


In each statement of factors, the ^ capacity factor ’ is placed first, and tlie 
‘ intensity-factor ’ second. 

In considering the ‘ capacity factors,’ it is noticeable that they may he divided 
into two classes. The two first kinds of energy, kinetic and linear, are indepen- 
dent of the 7iature of the material which is subject to tJie energy. A mass of lead 
offers as much resistance to a given force, or, in other words, possesses as great 
inertia as an equal mass of hydrogen. A mass of iridium, the densest solid, 
counterbalances an equal mass of lithium, the lightest known solid. On the other 
hand, surface energy deals with molecules, and not with masses. So does volume 
energy. The volume energy of two grammes of hydrogen, contained in a vessel of 
one litre capacity, is equal to that of thirty-two grammes of oxygen at the same 
temperature, and contained in a vessel of equal size. Equal masses of tin and lead 
have not equal capacity for heat ; but 119 grammes of tin has the same capacity as 
207 grammes of lead, tliat is, equal atomic masses have the same heat capacity. 
The quantity of electricity conveyed through an electrolyte under equal diflerence 
of potential is proportional, not to the mass of the dissolved body, but to its 
equivalent, that is, to some simple fraction of its atomic weight. And the capacity 
factor of chemical energy is the atomic weight of the substance subjected to the 
energy. We see, therefore, that while mass or inertia are important adjuncts of 
kinetic and linear energies, all other kinds of energy are connected with atomic 
weights, either directly or indirectly. 

Such considerations draw attention to the fact that quantity of matter (assum- 
ing that there exists such a carrier of properties as we term ^ matter ’) need not 
necessarily be measured by its inertia, or by gravitational attraction. In fact, tlie 
word ‘ mass ’ has two totally distinct significations. Because we adopt the con- 
vention to measure quantity of matter by its mass, the word ^ mass ’ has come to 
denote ‘ quantity of matter.’ But it is open to anyone to measure a quantity of 
matter by any other of its energy factors. I ma^, if I choose, state that those 
quantities of matter which possess equal capacities for heat are equal ; or that 
* equal numbers of atoms ’ represent equal quantities of matter. Indeed, we regard 
the value of material as due rather to what it can do, than to its moss; and we 
buy food, in the main, on an atomic, or perhaps, a molecular basis, according to 
its content of albumen. And most articles depend for their value on the amount 
of food required by the producer or the manufacturer. 

The various forms of energy may therefore be clas.sified as those which can he 
referred to an ^ atomic ’ factor, and those which possess a ‘ mass ’ factor. The 
former are in the majority. And the periodic law is the bridge between them ; 
as yet, an imperfect connection. For the atomic factors, arranged in the order of 
their masses, display only a partial regularity. It is undoubtedly one of the main 
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E roblems of physics and chemistry to solve this mystery. What the solution will 
e is beyond my power of prophecy ; whether it is to be found in the influence of 
some circumstance on the atomic weights, hitherto regarded as among the most cer- 
tain ‘ constants of Nature’; or whether it will turn out that mass and gravita- 
tional attraction are influenced by temperature, or by electrical charge, I cannot 
tell. But that some means will ultimately be found of reconciling these apparent 
discrepancies, 1 firmly believe. Such a reconciliation is necessary, whatever view 
be taken of the nature of the universe and of its mode of action ; whatever units 
we may choose to regard as fundamental among those which lie at our dis- 
posal. 

In this address I have endeavoured to fulfil my promise to combine a little 
histor}", a little actuality, and a little prophecy. The history belongs to the Old 
World ; I have endeavoured to share passing events with the New ; and I will 
ask you to join with me in the hope that much of the prophecy may meet with its 
fnldlment on this side of the Ocean. 


The following l^aper and lleports were read : — 

1 . Rpform in the Teaching of Cheniistrg. 

By Professor W. W. Andrews, Mount Allison University, Sackville, N.B, 

The reform hero proposed may be set forth under the following heads : — 

1. A more complete reorganisation of our subject-matter, a different order, a 
more constant correlation of the results obtained by different methods, and a larger 
use of the ideas of physics. 

2. Methods of research by means of simple apparatus, tliereby economising 
money, material, and time, and making laboratory hours more fruitful in results. 

8. A method of writing equations denoting changes in energy and state of 
aggregation. 

I. It goes without saying that any modern teaching makes large use of the 
Periodic Law as the basis of classification. In many excellent text-books this has 
been done to a certain extent. "We should proceed farther in the same direction. 
Mastery of a greatei* number of facts is possible, and the educational and culture 
value of the study is increased. 

It is well to introduce the law as soon as the idea of a difference between the 
reacting masses of the elements is made clear and some knowledge of acid and 
alkaline properties has been attained, and to do so by arranging the elements in 
linear order. Periodicity at once becomes evident, and a completion of the curves 
shows that all belong to one system. Mendeldetf’s second table comes by section- 
ing this line. At first the jieriodicity should be shown in the case of one property 
of the (denumts only, and gradually the periodic system built up. Table I., which 
was exhibited to the Section, showed the periodicity of basic and acid properties 
in a diagrammatic form. 

As in botany a plant, so in chemistry every element is to be studied as a repre- 
sentative of its family. Eight elements so discussed and experimented with are 
enough for an elementary course. The student should alw’ays be asked to reach 
some results of his own to earn the right to use the work of others. 

Should we not begin with the well-known heavy metals, with their sensible 
properties and very marked reactions, instead of the intangible, odourless, and 
tasteless gases 0, II, N, and so forth ? It is easier to pass from them to the idea of 
atomic mass. Gram atoms of the different metals can be kept for illustration 
and experiment. To this order the cleanliness and simplicity of the plaster-of- 
Paris method lend themselves admirably. Besides, this is the true historical 
method. 

Later on in the work the gases and the laws of gases and solutions may be profit- 
ably taken up. Indeed, study of the gases arises naturally from the experiments in 
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volatilisation before the blow-pipe, for the effect of environing vapors on the changes 
soon attract attention. 

Chemistry is rapidly becoming a branch of physics. Physical methods and 
values may well be used, with this difierence, that while in physics we deal with 
sensible volumes and molar masses, in chemistry we deal with atomic masses and 
volumes. It is very easy to pass from one to the other, as in atomic volume, 
atomic heat, and similar values. 

When some atomic volumes have been computed and graphically illustrated as 
in Table II., which was exhibited at the meeting, at once the students will be 
ready to make certain deductions which future experiment will put to the test. 
Those elements which exhibit large atomic volumes may be expected to be com- 
paratively soft, light, fusible, volatile, soluble, poor conductors of heat and electricity, 
chemically intense, exhibiting a constant valency, and are found to readily decom- 
pose water, liberating either 0 or H. Their compounds will be hard to reduce, 
show great heats of formation, are white or light-coloured, easily soluble, and of 
few types, «.//., Na, K, Cl, 13r, O, S, Ca, Sr, ]>a. The elements which exhibit 
small atomic volume will he the opposites in every particular; for example, ('u, 
Ag, Pb, Mn, Or, Fe, Ni, Co, &c. Table II. shows the effect of greater or smaller 
attraction between like atoms. So much of chemical knowledge may bo based on 
the physical computations of specific gravity, united with the chemical idea of 
reacting masses. The periodic variation of atomic volume should then be exhibited, 
and the resulting chemical properties tested in the laboratory work. To pro\o or 
disprove a theory or a law is as valuable an exercise in research methods as tlie 
discovery of new truth. It has the advantage of giving some direction to the 
student’s search. 

AVe have in these physical values an explanation for the division of each family 
into two groups, which, along with family likenesses, exhibit marked differences, 
as Cu, Ag, and Au in Family I., and Zn, Cd, and llg in Family II. The chemical 
relations of the members of any family to each other may be illustrated by two 
lines, coale.scent at the top, but separating as we descend to the elements of greater 
atomic mass. 

Dulong and Petit’s law may he used for the computation of some atomic 
masses, for if we have a few blocks of different metals, of masses in gi’ams pro- 
portional to their reacting masses, it can easily be found by experiment with small 
calorimeters that they all have the same capacity for heat, and the value 0*4 has a 
definite meaning, as the number of small calors or therms required to heat such 
masses 1 degree. The idea of atomic heat becomes easily so clear and definite that 
it may be tested in the laboratory and used in atomic mass determinations. 

The most striking physical property used in chemistry is that of colour. The 
hint of any colour law at once awakens the spirit of research. It is easy so to 
grade experiments that tlie class readily make their own deductions. Carnelley'a 
law may be stated in this form. Given the following chromatic scale, 


White, colourless, violet ; 
Indigo, blue, green ; 
Yellow, orange, red; 
Brown and black : then 


Depth of shade 


Atomic Mass, Temperature, and Valency 
Atomic Volume, and Hydration 


The reactions on gypsum tablets give many examples of this. 

The general condition is that condensation of matter tends to move the shades 
toward the less refrangible end of the spectrum from white to black. Hydration 
generally has the effect of dilution, and rise of temperature the same effect as con- 
centration, as Ostwald has shown to be the case in aqueous solutions, and as is 
found to be the case in solutions in borax and metaphosphoric acid. 

The question of valency is one troublesome to the student, chiefly on account of 
+he variation among the elements and variations in the behaviour of the one 
element. This may be reduced to order, and variations in valency are seen to be 
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part of a system. The rise and fall of valency in the linearly arranged elements 
follows this form : — 



Jin general terms, therefore, the valency for the eight families is the same as the 
number of the family. General formuhn can be written for the chlorides, oxides, 
aaid hydroxides, MClJ,, M^On, M(OII)„, where M stands for any member of a family, 
and n for the number of the family. The derivation of the ortho acids and salts, 
the pyro and meta salts and acids, is shown in Table III., which exhibits the 
ideal system of compounds which the elements lend to form. The gist of this is 
not new j but is not the whole system, exhibited en blocy more easily comprehended 
than as usually presented, and would not a chart of this form in the lecture-room 
and laboratory simplify the matter of naming compounds and reduce a chaos of 
symbols and names into impressive order ? 

Isomorphism is another physical phenomenon easily shown and appreciated. 
It is of value because it gives an optical demonstration of the fact that when 
elements act with similar valency, they show other cliemical likenesses, even when 
they are widely separated in the natural classification, e.y., Ca, Sr, and Ba and 
dyad manganese ; aluminium, and triad chromium, I'cc. The table of isomorphism 
becomes much more suggestive if, instead of being arranged in the form in which 
'it is copied from text-book to text-book, it is sot in the following form : — • 


Taule IV. 

I. Li, Na, Bb, Os ; Tl', Ag ; Cu‘, Ag ; Au‘. 

11. Ca, Sr,Ba,Pb'L Mg, Zn, Mn”, Le“; Ni», Co”, Cu» ; Cd, Be, In with 
Zn. 

Ce*‘, La”, Di”, Er", Y with Ca ; Cii”, Ilg” with Pb ; Tl with Pb. 

III. Al, Fe"‘, Cr”‘, Mid”; Ce'‘^, U'‘', Ga ; B, N*”, Ta; N‘”, P”‘ (in organic 
bases ?) 

lY. C, Si, Ti, Zr, Th, Sn ; Fe'‘”, Ti. 

V. As, Sb, Bi ; P and V (in salts) ; N and P (in organic bases). 

YI. S, Se, Te (in tellurides) ; Cr, MiP', Te ; Cr, Mo, AV ; As and Sb in the 
glances. 

VII. Cl, Br, I ; MiF'h 

VIII. Os, Ir, Pt, Hu, Rh, Pd; Fe, Ni, Au; Sn, Te. Sec Ostwald’s Outlines. 

A table of solubility may be constructed of such symmetry that it is hut a 
-slight act of memory to carry all the more important cases used in analysis (see 
Table V.). After half an hour’s practice with this table the student can pick cut 
the soluble and insoluble salts from a page of formulse. 
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• Especially insoluble are oxides, sulphides of small At. Vol. elements in all the familios. Acid sulphides form some salts of Fain, I , and therefore dissolve in sulphides 
of the alkalies. 
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• General Condit ions of Solubility. 

1. Substances dissolve each other better the more closely they resemble each 
other in structure. 

Elements dissolve elements, e.g.^ Pd in H; Fe, Mn, Ni, and A1 in C ; U, Cr, 
Ni, V, and \V in Fe ; O in Ag, &c. 

Organic substances, like paraffins, containing only C and H, and bodies like* 
sulphides, free from O, are insoluble in HjO. 

The richer they arc in 0 the more soluble they are in water, r.g., the sulphates. 

Simple bodies dissolve in water, complex bodies in the complex alcohol, benzene, 
and ether (Belonbex) 

2. In most cases where there is an imitative valency there is like solubility, as 
xVgCl, HgCl, TlCl, CuCl, and AuCl. 

d. The presence of a common ion reduces solubility. 

4. Solubility generally increases with temperature, and decreases with atomic 
volume. 

By making use of the kinetic theory of solutions under the head of equilibrium 
•when the study of gases is entered upon, evaporation, diffusion, vapour and osmotic*, 
pressure, solution pressure, dissociation, tension, and ionisation may be treated 
together most advantageously. Clearer ideas are obtained, time is greatly econo- 
mised, and living interest is added to the subject. Where chemistry is taken up 
subsequently to a course in experimental physics, or concurrently, the two courses 
may he made to supplement each other. In the descriptions of a family and the 
tabulation of values, the same principle of classification may he extended, and 
graphical curves will prove abundantly useful. Dr. M. M. Pattison Muir’s articles in 
‘ Watts’s Dictionary ^on the groups of elements are fine examples of what I mean, 
and my plea is for a larger use of this method in elementary classes. 

II. Simpler Apparatus for more fruitfid Research Methods , — The substitution 
of plaster tablets for charcoal, as a blowpipe support, has made possible for elemen- 
tary and high schools a clean and cheap method for studying a wide range of 
chemical changes, without gas pipes and Bunsen burners, water pipes and pneu- 
matic troughs, rubber and glass tubing, stills, retorts or sinks, gas generators, or 
hoods. These need he at the hand of the teacher only. On an ordinary school 
desk, with a two-cent blowpipe lamp as shown upon the table, a blowpipe, 
some paraffin wax for fuel, three or four ounce and one half-ounce bottles for re- 
agents, and a supply of tablets, all of which can be kept iu a box the size of an 
ordinary crayon box, experiments can be made testing the fusibility, volatility, 
oxidisability, and reducibility of the metals. The oxides, sulphides, chlorides, 
bromides, and iodides may be formed, and their colours and volatility and solubility 
noted. 

The effect of coloured ions in solutions at high temperatures can he observed in 
borax and meta-phosphoric glasses without any expenditure for platinum wire. 
The quantity of chemical material needed is comparatively a negligible quantity. 
Within three minutes atter a class has entered the laboratoi*y, they have reached 
results and are recording their observations. In no other form of laboratory 
work do the compelled acts of judgment follow each other so rapidly. Research 
methods may be rigorously followed. 

The following problems may be illustrated and studied by means of simple 
manipulations of this meagre apparatus ; The changes which take place in a 
burning match and the products of combustion j the effect of mass action on 
chemical affinity; the energy changes which take place in fusion and volatilisa- 
tion, and the effect of cold surfaces on the precipitation of sublimates ; and the 
conditions of equilibrium between layers of heated gases, besides the formation of 
a very large number of compounds and exhibition of their properties. All results 
reached by the dry way should he correlated •with analogous results reached in 
the wet way and the corresponding equations written. 
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III. Enerp^y values are becoming- of greater importance in science, and 
especially in chemistry. Changes of state of -aggregation should always be noted. 
Therefore I have used a horizontal arrow tq indicate a fused or dissolved sub- 
stance, an upward pointing arrow to denote a gas, and a downward pointing arrow 
to denote a precipitate or solid. A common equation becomes, therefore, 

AgNO . + nci = AgCl ; + HNO 5 . 

For the volatilisation of lead we would have in its simplest form 

Pb| + heat « Pb 
-> 

+ heat = Pbt. 

Or, if wc wish to make it still more definite, as we may to great advantage, use 
hi., h.v., and h.s. to represent respectively the heats of liquefaction, vaporisation, 
and sublimation •, sp.hl, sp.h and sp.h^ to represent the specific heats in the solid, 
— > 

liquid, and gaseous states, h.disR for heat of dissociation, and h.f. for heat of 
formation. Then the equation for the raising of lead from 18°C. to 1^,000° (J. 
will he , 

Pbf at 18° + X (M.P.-18) therms = Pb| at melting-point 

+ A/«Pb atM.P. 

-> 

+ sp,h X (B.P. — M.P. j = Pb at boiling-point. 
Pb at B.P. + h.v. - Pbt at B.P. ^ ^ 

+ sp.h't X (2,000 -B.P.) - Pbt at 2,000° C. 

All equations are better written for atomic quantities. The above equation 
does not note any heat of dissociation of the gas, nor the heat used up in expansion 
against atmospheric pressure. Tdiese also may be indicated. 

Practice iu writing such equations leads to more thorougb appreciation of the 
conditions in which chemical changes take place. It is remarkable in how few 
cases a work like Watts’s ‘ Dictionary of Chemistry’ gives all the numerical values 
for the symbols used above. This method of writing equations is easily extended 
to compounds. 

In the plaster-of- Paris method results are reached so rapidly, and the method 
of procedure in different cases is so similar, that a rapid form of note-taking is 
allowable and necessary. By paragraphing in the following manner the note-books 
arc move easily examined by the teacher, and peririt of readier comparison of metal 
with metal : — 

Pb| +O.F. = PI)0| brownish red when hot, pale brownish yellow A^he^ cold, 
fused oxide melts into the tablet. 

4 - = PbS j brownish black, 

+ HCl == insoluble, 

— ► 

4 - soluble, or decomposed. 

Selected eqiia tion, l^bO | 4 - K .S = P bS | + K ,0. 

The position of the K .S indicates that the solution is applied lo the coating of 
lead oxide, and the position of HCl that it is applied to the lead sulphide : so 
also the IINO 3 . 
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Again 

Pb| + 1 + beat = Pblo^clirome yellow, much more volatile than the oxide or sulphide. 
Assay is black. 

+ K.^S = PbS brownish black with red edges (lodosulphide?) 

+ HCl = partly removed. 

— ► 

+ 110804 = changed to yellow. 

+ KSCN = a black ring. 

> 

+ II., 0 = coating removed. 

+ IvON * ,, ,, 

Selected equation, Pbl.,| + K.^S = PbS| + 2KI. 

Heat toning of equation h.f, of PbS + 2 (80130) -~(38900 + 1012(^) = h.f, of PbS + 
19200 calories. 


2. lieport on the Teaching of Science in Elementary Schooh, 
See Reports, p. 287. 


3. Report on Wave-length Tables of the Spectra of the Elements, 
See Reports, p. 75. 


4. Interim Report on the Rroximate Chemical Constitiients of the 
various kinds of Coal. 


5. Report on the Action of Light upon Dyed Colours, 
See Reports, p. 286. 


FRIDAY, AUGUST 20, 

The following Papers w’ere read : — 

1. Helium. By Professor W. Ramsay, F,R.S. 


2. Contributions to the Chemistry of the Rare Earth Metals. 
By Professor Boiiuslav Brauner, Prague. 
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3. On the Chemistry and the Atomic Weight of Thorium, 

By Professor Bohuslav Brauner, Brogue, 

The author finds that the reaction which forms the basis of the separation of 
thorium from other Rare Earth Metals, Is due to the formation of a new complex 
salt containinj^ for one molecule of thorium oxalate, two molecules of ammonium 
oxalate, and four or seven molecules of water. The salt is decomposed by water, 
but it can be liept in solution by the presence of one additional molecule of 
ammonium oxalate. He shows how this behaviour may be used for the prepar* 
ation of pure thorium salts. The thorium oxalate prepared in this way was 
analysed by determining the ratio of thorium oxide to oxalic acid (by means of 
permanganate), and the number 232*6 (O « 16) was obtained. The author shows 
that Move’s number, Th = 234*6, is too high, the oxalate being easily decomposed 
(basic salt is formed) by the action of hot water. 


4. The Atomic Weights of Nickel and Cohalt} By Professor Theodore 
W. Richards, A. S. Cushman, and G. P. Baxter. 

Four samples of the pure bromide of each metal were made and analysed. Two 
of the nickel preparations were freed from cobalt by ordinary processes, and two 
were purified by Mond’s process. Fractional crystallisation of the ammonia- 
bromide was adopted as a means of further purification, after all known impuri- 
ties had been removed ; and the fourth sample of nickel was also precipitated 
fractionally by electrolysis. Each specimen was precipitated as hydroxide from 
the ammonia-bromide by boiling its aqueous solution in a platinum dish, thus 
insuring the absence of alkalies and silica. The hydroxide was ignited, the oxide 
reduced, and the bromide formed by the action of bromine vapour at a red heat. 
Sample I, was the least carefully treated, Sample IV. the most. 

In the case of the cobalt, similar precautions were taken. The first sample 
was purified by fractional precipitation as the double nitrite with potassium ; the 
second sample by successive conversions into a cobaltamine compound ; the third 
by a combination of both of these methods ; and the fourth by the resublimation 
of the third specimen. 

All the samples of both bromides were sublimed as anhydrous crystals in a 
stream of hydrobromic acid gas ; the specific gravity of the nickel salt was found 
to be 4*64, and that of the cobalt salt 4*91. The bromides were ignited, bottled, 
and weighed by means of the llichards-Parker drying apparatus ; and having 
been dissolved in water, they were decomposed by argentic nitrate. In the later 
analyses, the weight of the silver taken, as well as of the argentic bromide 
obtained, was determined. 


Atomic Weight of Nickel. 


Sample 

Preliminary 

Sample 

Series 11 

Sample 

Series III 

I. 

5S-6‘16 

III. 

58 69 1 

III. 

58*700 

I. 

58*708 

III. 

.58*686 

III. 

58 709 

II. 

58*716 

III. 

68*696 

III. 

58 688 

11. 

58*650 

III. 

58*670 

III. 

58*689 

III. 

58*651 

IV. 

58*693 

IV. 

58*698 

III. 

58*700 

IV. 

68 690 

IV. 

58*675 

III. 

68 693 

IV. 

58*706 

IV. 

68*676 

— 

68*680 

— 

58*690 

— 

68*689 


* Am. Acad. Broc.y xxxiii. pp. 95-128. 

* Am, Acad. Proc.^ xxxii. p. 59. 
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Atomic Weight of Cohalt, 


Sample 

Preliminary 

Sample 

Series II 

Sample 

Series III 

I. 

58*951 

I. 

68*975 

I. 

59*002 

1. 

58*975 

I. 

58 998 

I. 

58*955 

I. 

69 025 

I. 

59*009 

I. 

58-977 



— 

I. 

59*001 

I. 

59*992 

, — 

— 

1 . 

69*997 

1. 

69 969 





II. 

59*982 

— 

— 



— 

II. 

58*997 

II. 

58*999 




III. 

58*988 

III. 

59*008 

— 

— 

IV. 

59*010 

IV. 

58*999 

— 

* 58 981 

— 

58*995 

1 

— 

58*987 


The preliminary series in each case is of little consequence. The second series 
in each case represents results obtained from the weighing of tlie argentic bromide, 
while the third represents those obtained from the weighing of the silver. It is 
evident that the four samples of each bromide g’ave results essentially consistent 
with one another, and hence that the atomic weights of cobalt and nickel cannot 
be far from 58*99 and 68’69 respectively, if oxygen is taken as 16*000. 

-sL 

5. On the Occurrence of Hydrogen in Minerals, By M. W. Tuavers. 


6. The Spectrogiraphio Analysis of Minerals and Metals. By Professor 
W. N. Hartley, F,E.S,y and Hugh Ramage. 

The steps by which the authors were led to this method of analysis were 
described and illustrated by lantern slides. After discovering the presence of 
gallium in the crude iron smelted at Middlesbrough, and tracing it to the Clevi‘- 
land ironstone, it became necessary to examine other iron ores for this rare 
element. A combination of chemical and spectrographic methods was lirst ust'd 
on 100 grammes of sample. The results were satisfactory as far as the detection 
of gallium was concerned, but the process occupied too much time. 

A simple method, in which 0*5 gramme of the ore was rolled in filter papi'r 
and heated in the oxyhydrogen flame, the spectrum of which was meanwhile 
photographed, was tested with very satisfactory results. Not only could gallium 
be detected, but many other elements also at the same time. A large number of 
minerals and meteoric bodies have been examined by the method, and tabulated 
statements of the results were exhibited on the screen. Attention was directed to 
the wide distribution of the elements sodium, potassium, calcium, copper, silver, 
iron, manganese, and lead, and to the facts that every specimen of magnetite, 
bauxite, and meteoric iron examined contained gallium, as also did many specimens 
of blende and ironstone, and that siderite and the tin ores examined all contained 
the metal iridium. 

Photographs of oxyhydrogei\^ flame spectra of some of the elements wen^ 
exhibited, and their simple character contrasted with the complex spark spectra 
of the same elements. One plate contained the flame spectra of the alkali metals, 
a second plate contained those of copper, silver, and gold ; another plate those of 
iron, cobalt, and nickel. Similarities in the spectra of similar elements were 
indicated in these. 


SATUBBAY, AVGUST 21. 
The Section did not meet. 
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MONDAY, AUGUST 23. 

The following Papers were read: — 

1. Demonstratio'ii of the Preparation and Properties of Fluorine, 

Jiy Professor E. Meslans. 

M. Meslans, after some introductory remarks referring to the researches of M. 
Moivssan on the preparation of free fluorine, gave a demonstration of the properties 
of fluorine, and showed experiments illustrating its action on various elements and 
compounds. 

Ho carried out these experiments with the aid of a new apparatus, made 
entirely of copper, except, of course, the lower ends of the electrodes, which, as 
usual, consisted of platinum. After having remarked that M. Moissan was the 
first to show that copper vessels may be employed in the preparation of fluorine, M. 
Meslans went on to describe the apparatus which he had just used, and which was 
now being utilised with the object of producing comparatively large amounts 
of fluorine, and for experiments on the possible industrial application of the 
element, which it is hoped may now become of easy attainment. 


2. The Properties of Liquid Fluorine, 

By Professor H. Moissan and Professor J. Dewar, F.R.S, 


3. Demonstration of the Spectra of Helium and Argon, 
By Professor W. Ramsay, F.B.S, 


4. The Permeability of Elements of Lo 2 V AtomicWeight to the Bdntgen RaysA 
By John Waddell, B.A.^ D.Sc. 

Tlie paper is partly a discussion of data obtained by Gladstone and Ilibbert 
and by myself, and already published, and partly an account of a reinvestigation 
of the points at issue, 

I have maintained that there is no great difference between the permeability of 
lithium and sodium, and that it is hardly correct to say that lithium has next to no 
absorbent action on the Kontgen rays. 

Beryllium and magnesium and boron and aluminium have been also compared 
as to absorbent power and found to be nearly equal, so that among the elements 
of low atomic weight (all below aluminium) there is no sudden or rapid rise of 
absorbent action with atomic weight. 

Experiments intended to elucidate the peculiar granular appearance of coarse 
powders are also described. 


5. Continuation of Erperimenfs on Chemical Constitution and, the Aljsorp^ 
lion of X Hays. By J. H. Gladstone, D,Sc., F.R.S., and W. Hibbert. 

Tn the work recorded last year the authors sometimes introduced an alu- 
minium scale into their photographs for the purpose of giving quantitative com- 
parisons of the amount of absorption of X rays due to various substances. They 
have now endeavoured to estimate the absorption by means of a Lummer-Brodhun 
photometer. The aluminium scale, when thus examined, showed that the rays 
absorbed by different thicknesses varied nearly in a logarithmic ratio. 

Determining the absorption of different negative radicles of lithium salts, when 
the comparison is so made that the amount of substance traversed by the rays is 

^ Published in the Chemical News, October 1, 1897. 
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in the proportion of the chemical equivalents, the following was found to be the 
order : 

O, CA, NO3, SO,, Cl, CIO3, Br. 

Experiments made to determine whether an element has the same absorptioir 
in the metallic and the combined condition showed that in the case of copper (and 
perhaps other instances) the metal absorbed more than its oxides. 

The change of atomicity of a metal between one series of its salts and another 
does not seem to be followed by any clearly marked difference in absorption. 

In the case of carbon, the authors have been told by Sir William Crookes that 
the absorption of colourless diamond and the black forms of carbon are alike. In 
their own experiments it would appear that the absorption of carbon, when com- 
bined with hydrogen in amyl hydride, turpentine, benzene, naphthalene, and 
anthracene, differs little from that of charcoal or graphite, notwithstanding the 
addition of varying proportions of hydrogen, and the different manner of carbon 
linking. But benzene appears to be about 16 per cent, less absorbent than th® 
others. 


6. On the Action exerted by certain Metals on a Photographic Plate ^ 
By Dr. W. J. Russell, F.R.S. 


7. Photographs of Explosive Flames. — By Professor H. B. Dixon, F.R.S. 


8. Distribution of Titanic Oxide upon the Surface of the Earth.^ 

By F. P. Dunninqton, F.C.S., University of Virginia. 

In the * American Journal of Science’ for December, 1891, the author published 
an article under the above title, which presented estimations of titanic oxide in the 
soil from many quarters of our globe. Since that date he had secured a number of 
samples from portions of the earth not then represented. These include specimens 
from Australia, New Zealand, Africa, South America, and (ten from) British 
America ; also samples taken from a depth of nearly a mile beneath the earth’s 
surface. 

Determinations of each of these are now presented, showing a range of figures 
from *13 to 3’0 per cent, of the soil. 


9. Deliquescence and Efflorescence of certain Salts. 

By F. P. Dunnington, F.C.S., University of Virginia. 

The affinity for water which results in deliquescence is considered as accom- 
panied by the evolution of heat. The deliquescence of a solid is accompanied 
with an alteration of temperature which is the algebraic sum of the heat evolved 
by the chemical union of the body with water and of the cold produced through 
the liquefaction of the solid. 

A series of determinations were made of the water absorbed from a moist 
atmosphere by certain salts during a period of twelve weeks, from which are 
selected the figures for 1, 2, 4, 6, 8, 10, and 12 weeks.* 

One part of each of the anhydrous salts ultimately absorbed of water’ as 
follows: — Lithium chloride, 16’6 parts; Calcium chloride, 7*4 parts; Calcium 
nitrate, 4 7 parts; Magnesium chloride, 9-3 parts; and Magnesium nitrate, 
6*4 parts. 

From which it is calculated that one molecule of each of these bodies respect- 
ively has combined with : 36*8 ; 46*8 ; 43*1 ; 49*2 ; and 62*7 molecules of water. 

’ Printed in full in the Chemical News^ Nov. 6, 1897. 

* See American Chemical Journal^ March 1897, pp. 227-2H2. 
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It is proposed to seek to ascertain the limit of the absorption of water by a 
*alt by observation of the rise of temperature upon mixing a solution of the salt 
with more water. 

Estimations were also made of the amounts of water lost in the efflorescence of 
certain salts upon prolonged exposure to the atmosphere. Figures are given 
showing the losses which took place after seven weeks’ exposure of sodium car- 
bonate, sodium sulphate, sodium phosphate, borax, ferrous sulphate, zinc sulphate, 
and copper sulphate. The sodium sulphate shortly became anhydrous. 


10. Some Notes on Concentrated Solutions of Lithium and other Salts} 
By John Waddell, B.A,^ D.Sc.^ Ph.D, 

The paper is a description of some incorporation experiments, in which lithium 
choride, sulphate, and nitrate are compared with other chlorides, sulphates, and 
nitrates. 

The work was undertaken because in some experiments, already described in 
the ^ Chemical News,’ it was found that lithium nitrate absorbed more water than 
the calculated amount as compared with calcium nitrate. The experiments de- 
scribed in these notes show that the phenomenon observed before was accidental, 
as some chlorides are more absorbent than lithium chloride, and sodium nitrate, at 
nil events, is more absorbent than lithium nitrate. 


11. On the Formation of Crystals, By W. L. T. Addison. 


12. Note on a Compound of Mercury and Ozone, 

By E. C. C. Baly. 

The curious action of ozone on mercury has long been noticed. In some experi- 
tments on ozone lately made by the author it was necessary to treat mercury with 
large quantities of ozone, and he found that the change in the state of the mercury 
is due to the formation of a paste. This paste consists of a mercurial solution of a 
solid substance, which may be -separated Irom the paste by filtration through 
•chamois leather. The solid is then obtained as a bard metallic substance, having 
every appearance of an amalgam. This amalgam is a very stable compound at 
ordinary temperatures, but, on heating, changes to the black oxide of mercury, 
which, on further heating, gives mercury and the yellow modification of HgO. 
The substance is not attacked to any extent by hot or cold HOI or HoSO^, but is 
converted into HgO by UNO.,. 

The author is at present engaged in investigating this substance with the view 
of determining its composition. 


13. The Reduction of Bromic Acid and the Law of Mass Action. 

By James Wallace Walker, Ph.D., M.A., and Winifred Judson. 

Many chemical reactions take place so rapidly that an experimental determination 
of the rate at which change is taking place is as yet an impossibility ; others are 
of such long duration that the difficulty of keeping the external conditions constant 
during their whole course renders their accurate investigation also impossible ; but a 
large number have already been examined in which the time required for a measur- 
able amount of change varies from seconds to weeks with the nature of the reaction, 
and from a study of these the law connecting the mass of the substance with the 
time required for its transformation has been deduced. It is called the Law of 
Mass Action, 

To take the simplest case, when one molecule of one substance is being trans- 
formed into one molecule of another substance, as expressed in the chemical equation 

* Published in the Chemical News^ October 8, 1897. 
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A =* A', it is found that if the reaction proceeds entirely to an end, the velocity is 
directly proportional to c, the concentration of A. But since all reactions of this 
nature do not go on at the same rate when their concentrations are the same^ 
another factor must be introduced which is distinctive for each reaction. The 
velocity is therefore V = A:.c, where A; is a constant for each separate reaction. It is 
called the velocity constant. The concentration of c of course diminishes as the 
reaction proceeds, and therefore the velocity V also diminishes ; but if we start 
with a known concentration a, and determine the amount .r, which has been 
changed after a definite interval of time the concentration will now be n: - 
and the amount changed in the next very small interval of time dt is called dx, 
and is proportional to the concentration at that point, so that the v^^feity is 

^ = A:(a-a) ; x of course varies betw^cen the values 0 and a, so that the above 

equation gives on integration A; = i log — 

t a—x 


This is the equation for a mono-molecular reaction, and it can be employed to 
discover whether a particular reaction is mono-molecular or not. For this purpose 
experiments are made with several different values of the initial concentration a, 
and from each of these a large number of observations of x and its corresponding 
time t are obtained. "When these experimental values for a, x and t are substituted 
in the equation 



if the reaction be really mono-molecular they will all give the same value for 
If they do not it is not a mono-molecular reaction. 

When the reaction is hi-molecular — for example, 

A + B«A' + B' 

it is found that the velocity is proportional to the product of the concentrations of 
A and B, f.c., 

V = or = l(a - x) {b - x ) ; 


and if it IB poly-molecular j e.g,^ 

A + B + C + A' + B' + C' + .... 

the velocity is proportional to the product of the concentrations of A, B, 0, &c.^ 

f.e., 

V ~ kc^ . or = A; (n - .r) {h - .r) (c - x) . . . 

If, In this last case, A and B are the same, the expression for the velocity becomes 
= k (a - xy {c - . . . 

which shows that when Uuo, or generally n, molecules of a substance take part in 
the reaction, the concentration of that substance must be raised to the n*’’ power 
in the expression for the velocity of the reaction, e.g., in the reaction 

niA + nB « pA' + qW 

y -kc” c.y or = k (a- x)” (rt - ij", 

on substituting the observed values of b, x, and t in the integrated form of this 
equation it can be found by trial and error what the correct values of m and w are 
wiiich always give a constant value for k. 

A mond-molecular reaction ought to give a constant with the equation of tbe first 
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order, a bi-molecular with the equation of the second order, &c. Sometimes the 
orders so found are in agreement with what we should expect from the chemical 
equations, and sometimes they are not so, showing that the chemical equations do 
not always represent fully the mechanism of a reaction. For example, we should 
expect to find that both the inversion of cane sugar, in which one molecule of 
sugar is changed into one of glucose and one of laevulose, and the change of ammo- 
nium cyanate into urea 

/NIIj 

Nll^CiSrO = Co are reactions of the first order, 
\NII, 

The determination of the reaction velocity shows in the manner above described 
that this is true of the former, but that the latter is a reaction of the second 
order. We must therefore assume that the two ions of ammonium cyanate NH^ and 
CNO react as two molecules. 

Our object in this investigation was to determine the nature of the reaction 
between bromic and hydrobromic acids. According to the chemical equation 
5 IIBr + HBrOj == 3 H^O + 3 Br 2 since there are in all 6 molecules on the left 

side of the equation, we should expect that only the equation ^ ~ Zf (« - xy 

would give a constant value for k. This expectation is, however, not borne out 
by the experimental results, they show that the reaction, whose velocity is being 
measured, is only one of the second order instead of the sixth. Wo must therefore 
assume that the first stage of the reduction is expressed by the chemical equation 
IIBr + HBrO-, = HBrO + IlBrO,, and that these acids when formed are instantly 
decomposed by the hydrobromic acid present, thus : 

HBr + IIBrO = H^O + Bro and 
8 HBr + HBrO, = 2'H,0 + 2 Br,. 

The reaction consists in the formation of bromine and water, and the experimental 
method employed consists in titrating the liberated bromine by a standard solution of 
sodium thiosulphate. In the first set of experiments the free bromic and hydro- 
bromic acids were liberated from the solution of their salts by addition of a 
definite large excess of sulphuric acid, the conditions being so arranged that its 
concentration was the same in each experiment. The duration of an experiment 
was noted from the time of addition of the sulphuric acid which started the 
reaction. In the first series the solution was xJ^^th normal with respect to KBr, 
and Tj^jyth normal with respect to /cBrO, and the mean value of k obtained from 

the integrated form of A; (5a — 5x) (a — x) was 0*00423. A second series of 

experiments, in wliich the concentration of A^BrO, was the same, hut that of 
KBr doubled, i.e., ^ normal, gave as the mean value of k 0*00461 ; and when 
the concentration of the KBrOj was also doubled the mean value of k was 0*00427. 
These results are obtained by employing an equation of the second degree, so that 
the reaction whose velocity is being measured must be looked upon as bi-molecular. 
It consists in the production of IlBrO and HBrO, according to the equation 
given above, viz., HBr + HBrOg = HBrO + IIBrO, 

This leads us to expect that the reaction wliich, in the presence of a large 
excess of sulphuric acid — or of hydrogen ions — is bi-molecular, in its absence is of a 
higher order, probably tetra-molecular. Because, in the light of the ionic theory, 

+ — — 

the equation must be written thus — 2Ii + Br + BrOg = HBrO + HBrO,, hromous 
and hypobromous acids being, from analogy with the corresponding chlorine com- 
pounds, very weak acids — i.e. very slightly ionised. This expectation was fully 
verified by an examination of the reaction between hydrobromic and bromic acids 
in the absence of sulphuric acid. 

We performed two series of experiments, in the first of which the bromic acid 
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was linth and the hydrohromic acid >i\rth normal, in the second j^th and ^th 
normal respectively. When the equation of the second order, viz.— 

= ^ («-.)» 

was employed for calculation with these experimental results, it gave no approach 
to a constant value for k ; hut when they were substituted in the integrated form 

of ~k (a- xY — the equation of the 4th order — the first series gave a mean 
dt 

value of 0 00113^10'*, and the second series 0*00ll9“v-10S The agreement is as 
close as could be expected from the experimental method. 

These experiments confirm the conclusion that the reduction of bromic acid 
takes place in stages, the first of which consists in the formation of bromous and 
hypobromous acids. It further shows that these acids, which have never been 
isolated, are excessively unstable in presence of hydrohromic acid, and points to a 
method for their preparation which we intend to investigate. 


TUESDAY, AUGUST 24. 

The following Papers were read : — 

1. On the Composition of Canadian Virgin Soils} By Frank T. Siiutt, 
M,A.^ F.l.C.y F.C.S.j Chemist, Dominion Experimental Farms. 

The soil investigations carried on in the laboratories of the Dominion Experi- 
mental Farms at Ottawa have included the chemical and physical examination of 
certain typical virgin (uucropped and unmaniired) soils. The samples were carefully 
collected in the various provinces of the Dominion, and may be regarded as types 
or representatives of areas of fair uniformity and considerable magnitude. 

Data respecting all the soils analysed are not included in this Paper, and only 
the more important elements of fertility of these here presented have been dis- 
cussed. The majority of the samples considered are surface soils, but in a large 
number of instances the results obtained upon their respective sub-soils have been 
inserted. 

The exact value of an ordinary soil analysis in ascertaining the fertility or 
productiveness of a soil is considered, and while it is admitted that hot hydro- 
chloric acid (sp. gr. 1*116) dissolves larger amounts of mineral plant food than are 
of immediate availability to crops, it is pointed out that a knowledge of the 
* maximum ^ amounts shows decisively deficiencies, if any exist, and thus indicates 
lines for rational and economic treatment of the soil with fertilisers. Further, 
it is held that soils possessing large * maximum^ amounts will in all proba- 
bility prove more fertile than those showing smaller percentages, the climatic 
influences in both cases being equally favourable. 

The diagnosis of a soil as regards productiveness cannot be made from chemical 
analysis alone, even if such includes a determination of the so-called ‘ available ’ 
plant food. The physical condition of the soil, drainage, rainfall, mean tempera- 
ture, sunshine, &c., are factors that must receive careful consideration. 

Pot or plot experiments with various fertilisers are at present the only means 
of gaining reliable or accurate knowledge of a soil’s needs, but the incentive given 
by Dr. Dyer in 1894, in publishing his results by the 1 per cent, citric acid solution, 
has resulted in many agricultural chemists on this continent directing their atten- 
tion to this important subject, and the probabilities are that, ere long, laboratory 
methods will be agreed upon for determining available plant food in soils. 

The standards of fertility, as suggested by Dr. Hilgard, of the California Experi- 


* Published in extenso in the Chemical News 1897, Oct, 16, et seq. 
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ment Station, are stated, and deductions made from Canadian data given. The 
latter show that good awicultural soils possess usually between *25 per cent, and 
•6 per cent, of potash— less than *15 indicating the need of potassic fertilisers : 
phosphoric acid is usually between *15 per cent, and *26 per cent., but the adequacy 
of the element depends largely on the amount of lime associated with it. In lime, 
less than 1 per cent, in clay soils indicates that their productiveness will be in- 
creased by an application of a calcareous fertiliser. Peaty soils have always 
responded well to a dressing of lime. Richness in nitrogen invariably indicates, 
in Canada, loams of excellent productiveness. The larger number of our good 
soils contain between *126 per cent, and *225 per cent, of nitrogen ; many, however, 
reach *5 per cent, and some exceed 1*0 per cent. From the standpoint of chemical 
composition the richest soils of the samples examined comprise those collected on 
the prairies of the North-West and those of alluvial origin. 


British Columbia. 

As far as our investigations have carried us, the soils of this province fall into 
three well-marked groups : {a) Deltaic, as at the mouth of the Fraser and Pitt Rivers, 
very rich in plant food ; (b) Valley soils, of alluvial origin and of more than average 
fertility ; and (c) Bench and plateau soils at varying altitudes, frequently light and 
sandy, ranging from very poor soils to those of medium fertility. 

Table I. presents data from twenty-nine samples, collected in the districts of 
Vancouver Island, New Westminister, Yale and Cariboo. The amounts of plant 
food and the chief physical character of these soils receive consideration, and 
deductions are made therefrom as to their relative fertility. 


North- West Territories and Manitoba. 

The prairie soils of these regions present considerable uniformity in character. 
They are justly noted for their productiveness, for analysis has shown them to 
contain, as a rule, large percentages of the essential constituents of plant food, 
E-pecially are they rich in humus and nitrogen. The prevailing prairie soil is a 
black or greyish-black loam, in which nitrification proceeds rapidly when the soil 
ie tilled. 

Attention is drawn to the fact that alkali soils are almost invariably found to 
contain an abundant supply of plant food. Thorough drainage and irrigation 
would convert them into fertile soils. Such methods, unfortunately, are not 
Always feasible. 

Table II. gives analytical data of eight typical surface soils from these pro- 
vinces, those of a sample from the prairie soil of the Red River Valley being dis- 
cussed in detail. The results demonstrate clearly that it may he classed among the 
richest of known soils. 


Ontario. 

Data are presented in Table III., obtained from soils collected in this district of 
Muskoka only. These soils are characterised by a preponderance of sand, being 
such as would be classed as light loams. CJa\ loams, however, are occasionally 
met with. The chief deficiencies are in humus and nitrogen (frequently resulting 
from destructive forest fires), and in lime. Speaking of them as a class, the Mus- 
koka soils are scarcely heavy enough for wheat. Good yields of oats, potatoes, 
and root and fodder crops generally, are, under a good system of culture, readily 
obtained in favourable seasons. 


Quebec. 

The analytical results of sand and clay loams obtained from widely different 
areas in this province are contained in Table IV. Much variation, as might be 
expected, in composition is to be observed ; but, though some show inadequate 
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quantities of certain elements for best results, all the surface samples come well 
within the ascertained limits of fertility, and many of the soils are seen to 
compare most favourably with those of recognised productiveness. 

The Maritime Provinces, 

The analyses of several typical soils in the Maritime Provinces are given in 
Table V. Prominent among these is one from the Sackville Marsh, N.B., at the 
head of the Bay of Fundy. The tides of this bay are phenomenally high, carrying 
with them vast amounts of detritus. Large deposits of this so-called marsh mud 
consequently form, and this material is highly prized by most farmers as an im- 
prover, being applied at the rate of 100 to 200 loads per acre. Beclaimed marsh 
lands are found to be exceedingly fertile. 

Particulars are presented of a typical soil from Prince Edward Island. It ia 
seen to be inferior in several particulars to many of our Western soils, and it would 
seem, therefore, that this province, justly known as a fertile one, owes its reputa- 
tion rather to good soil texture and favourable climatic conditions than to largo 
percentages of food constituents. 

Averages and Peductmis. 

Table VI. shows the averages of the results from the soils examined, taken 
province by province. The data, however, are* only to be interpreted as represent- 
ing the composition of soils of large areas in the respective provinces. 

General conclusions are drawn which indicate that in all the provinces large 
tracts of untilled land exist that would rank with the fertile soils of other coun- 
tries, and, further, it is shown that many Canadian soils are possessed of most 
abundant stores of plant food, stores so vast as to allow of their most favourable 
comparison with the richest soils of which we have any knowledge. 


Table I. — Analyses of Soils {Water-free)^ British Columbia, 


No. 

Locality 


Surface or 
Subboil 

Cliaraeter of Soil 

Pot- 

ash 

Phos. Acid 

Nitro- 

gen 

Lime 

Loss 

on 

Igni- 

tion 

1 

Victoria, Vancouver 


surface 

Valley soil, black loam . 

•23 

•19 

•594 

1-29 

15 69 


Island • 









2 



depth 12 to 18in. 

— 

•23 

•19 

•606 

M2 

lS-61 

3 

n » 


„ 18to21in, 

— 

■26 

•12 

•146 

1-01 

4 63 

4 

Albemi „ 


surface 

Dark red clay loam . 

•32 

•08 

•127 

1-14 

10-79 

5 




„ sandy loam 

•17 

•34 

•163 

1.00 

11-32 

6 

Cowichaa „ 


„ 

„ sandy loam, 

39 

•32 

•102 

1*37 

7-10 





bonch soil 






7 

Ladners. New Westmr. 


Alluvial, grey blk. loam 

•62 

•28 

•610 

•50 

17-25 

8 

Squamish „ 



Valley soil . 

•38 

•20 

•091 

1 68 

3 38 

9 

Pitt Meadows „ 



Alluvial black loam 

•36 

•52 

1-050 

•32 

31-14 

10 



subsoil 

Greyish yel. sandy loam 

•45 

•13 

•896 

•33 

6-37 

11 

Agassiz „ 


surface 

Fust bench . , 

•32 

24 

•159 

•86 

6-87 

12 

» 


w 

Second beuch . . 

•35 

•14 

•101 

•78 

4-34 

13 




Valley .... 

•39 

•18 

•154 

•96 

6-92 

14 



1 


•35 

•26 

•165 

•97 

7-12 

16 

Chilliwack „ 


« 

„ soil, alluvial . 

•63 

•21 

•166 

•98 

7 72 

IG 



subsoil 


•51 

•23 

•108 

•90 

6-90 

17 

Mission, Yale 


surface 

Light grey, clay loam . 

•45 

28 

•124 

1-86 

3-96 

18 



subsoil 

— 

•62 

•33 

•076 

1-90 

3 35 

19 

Guisaclian „ 


surface 

L. grey, sandy loam . 

■32 

•30 

•077 

1-22 

2-66 

20 

»» >» • 



D. grey „ 

•63 

•30 

•236 

1-70 

6-18 

21 





•66 

•38 

•255 

1‘76 

6*59 

22 

!! *» 




•55 

•34 

•259 

1-26 

7-13 

23 




L. grey „ 

•46 

•27 

•045 

1-61 

2-02 

24 

Quesuelle, Cariboo 



D. grey „ 

•39 

•22 

•399 

17-77 

12-01 

25 



subsoil 

— - 

■53 

•19 

•108 

3-80 

4-eo 

26 

Cottonwood Kiver 


surface 

Yellowish sandy loam . 

•32 

•34 

•234 

1-14 

8-28 

27 



subsoil 

Very sandy . 

•16 

•29 

•067 

•99 

3-03 

28 

Cottonwood House 


surface 

D. grey, sandy loam 

•57 

•24 

•412 

1-07 

1304 

29 

W 


subsoil 

Yellowish grey . 

•47 

•10 

•050 

1-22 

3-02 
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Table II . — Analyses of Soils {Water free\ North-west Territories 
and Manitoba. 







3 



Loss 

No. 

Locality 

Surface or 
Subbuil 

Character of Soil 

Pot- 

ash 


Nitro- 

KGU 

Lime 

on 

Igm- 






Ph 



tiou 

30 

Yorkton, N.W.T. . 

surface 

Black, sandy loam . 

•49 

•21 

•501 

•06 

14 01 

31 


sill )w til 

•42 

1 -09 

•1.30 

•75 

8 18 

32 

8altc<tats „ 

surface 

Black, sand} loam . 

•31 

•21 

571 

2-90 

1351 

33 

Modsormn „ 


Bla(*k lotiiii ... 

•36 

•11 

•479 

•95 

11 79 

34 

Calpraiy ,, 


— 

•44 

•17 

•447 

•92 

12-23 

35 

Tilley Tj). „ 


— 

•27 

•18 

•398 

•37 

11-13 

36 

Vertiulion Hills „ 


— 

•17 

•17 

•354 

•50 

10-43 

37 

Red River Yallcj , -Man 


— 

103 


1-005 

1-89 

26 29 


Table III. — Anafysps of Soils {Water free), Ontario. 


No. 

Locality 

Surface or 
Subsoil 

Character of Soil 

Pot- 

ash 

a 

1 

Nitro- 

gen 

Lime 

L 088 
on 

Igni- 

tion 

38 

Sinclair Tji., Mu'-kuka . 

surface 

Sandy loam , • . 

11 

27 

•186 

•12 

8 74 

39 

Chaff ey O’p , ,, 


„ „ . . , 

•08 

•12 

•139 

•40 

6-79 

40 

„ „ 

sub.soil 

Sand ...» 

•08 

•18 

•074 

•20 

3‘53 

41 

Franklin Tit., „ , 

sui f.ice 

Light grey loam » » 

•61 

•18 

•103 

•76 

6 31 

42 

„ „ , 

subsoil 

— 

•02 

•08 

tmce 

•66 

3*70 

43 

Perry Tp., „ 

surface 

Sandy loam . » 

•04 

•18 

•296 

•08 

9 10 

44 

Brunei Tp., „ 

subsoil I 


•06 

18 

•119 

•13 

6 10 

46 

smface i 


•46 

•17 

•084 

1-28 

2-94 

46 

” ” ’ 

subsoil I 

Olay loam . • , j 

•29 

•09 

•06 4 

1*07 

2 39 


Table IV. —Aiialyses of Soils {Water free), Quebec. 







V 



Loss 

No 

T.ocality 

Sui face or 
bub-soil 

Character of Soil 

Pot- 

ash 

< 

Nitro- 

gen 

Lime 

on 

Igni- 









tiou 






Ph 




47 

Arthbaska . 

.SUI face 

Sandy loam . , , 

•16 

17 

•296 

•35 

8 68 

48 

St. Adelaide de Pabos, 

subsoil 

— 

17 

•18 

•184 

•29 

5 16 

49 

SUI face 

Retl sandy loam . . 

•44 

•07 

•215 

•16 

7-85 


(Inspp 








50 

Soulanges, fi.aspe . 


(bey sandy lo.am . 

•39 

33 

198 

•47 

7 76 

51 

subsoil 

1 

•17 

30 

•049 

•73 

3 67 

62 

laevic lliver „ 

smfacc 

Cl.iy loam ... 

11 

19 

•179 

1 23 

5-77 

63 

V • 

subsoil 


•10 

•19 

•171 

P17 

5 62 

54 

.Toilette „ 

sui face 

Black clay loam . 

40 

28 

•218 

•82 

8-06 

55 


subsoil 

" — 

•44 

29 

030 

1 05 

2 09 

66 

Bonavciiture „ 

sulfate 

Ueddisli-yellowclay loam 1 17 

1 

•19 

•219 

•10 

12-37 


Table V. — Analyses of Soils {Water free), Maritime Provinces. 


No. 

Locality 

Sui face or 
►Subsoil 

Character of Soil 

Pot- 

ash 

d 

Xi 

Nitio- 

geu 

Lime 

Loss 

on 

IgnU 

tion 

67 

Sackville Alarsli, N B. . 

surface 

(’lay loam 

•16 

•16 

•131 

•13 

6-83 

58 

Rcstigouche „ 


Yellow sandy soil 

1-02 

•10 

•113 

•23 

5-46 

59 

Ouiuberland, N.S. . 


Sandy loam . 

•16 

•09 

•090 

•06 1 

3 37 

60 

S.-W. Mabou, „ . 


„ ... 

•37 

•09 

•212 

•06 

6-97 

61 

King’s County, P.K.I. . 

” 

„ ... 

•47 

•09 

•106 

•08 

5-10 
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Table VI. — Analyses of Soils — Averages. Surface Soils {Water-free). 


Number of 
Samples 

Provinco 

Potash 

Phospho- 
ric acid 

Nitrogen 

Lime 

21 

British Columbia 

•42 

•27 

•262 

1-17 

7 

North-west Territory and Manitoba . 

•44 

•19 

•537 

1-08 

6 

Ontario (Muskoka only) .... 

■22 

•15 

•135 

•44 

6 { 

Quebec 

•44 

•20 

•226 

•52 

6 

! 

Maritime Provinces 

•44 

•11 

•130 

•11 

45 

Average . 

•39 

•18 

•258 

•66 


2. Analyses of Some Precarhoniferous Coals.'^ 

By Professor W. Hodgson Ellis. 

The occurreiice of anthracite in cavities of the calciferous sand-rock of New 
York, near the base of the Lower Silurian, was recorded in 1842 by Vanuxem.'^ 
Eterry Ilunt^ subsequently described a similar substance tilling veins and fissures 
tn rocks of Silurian age in Quebec and on Lake Superior. Chapman * proposed 
the name antbraxolite for this substance, to distinguish it from the anthracite of 
fthe coal measures, from which it difiers chiefly in its mode of occurrence. Under 
rthis ns.me Hoffmann ^ has given proximate analyses of samples from the Cambrian 
etrata of Labrador. 

In the neighbourhood of Sudbury a very considerable deposit of this mineral 
iias been recently discovered, and has been described by Coleman.® 

Mr. William Lawson and the author have published^ an analysis of this 
Sudbury antbraxolite, and also of another specimen from Kingston, Ontario. Since 
then the author has had the opportunity, through the kindness of Dr. George 
Dawson, of analysing three other specimens. One of these is from Cap "Rouge, 
Quebec, and is alluded to in the Report of the Geological Survey for 1863. The 
other two were collected by Mr. A. P. Low — one at Lake Mistassini, Quebec, and 
4he other from Lake Petitsikapau, Ungava, Labrador. 

The results of analysis were as follows : — 


- 

Cap Rouge 

Mistassini 

Tetitsikapau 

Moisture ..... 

019 

1-75 

0 81 

Ash 

9 02 

1 07 

48-37 

Carbon 

82-90 

92 71 

49-39 

Hydrogen 

6-50 

! 102 

0 67 

Oxygen and Nitrogen . 

2-39 

3 45 

0-76 


100 00 

100 00 

lOO'OO 


Taking these with our previous results, it appears that the composition of these 
Precarhoniferous coals varies as widely as that of the coals proper. In the an- 
nexed table these analyses are compared with those of the author’s and Mr. Lawson 
of the Sudbury and Kingston minerals, and also with the analyses given in Dana’s 
Mineralogy ’ of a mineral from Lake Onega, Russia, described by InostransefF, and 

' Published in extenso in the Chemical News^ 1897, p. 76, 186. 

* Geology of New Yorky iii. 33. * Geology of Canada^ 1863, p, 524. 

* Minerals and Geology of Central Cccnada-y p. 143. 

* Geological Survey of Canada^ 1894, p. 66 R. 

* Bulletin No. 2, Ontario Bureau of Mines. 

' Proceedings of the Canadian Institute y February 1897. 
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01)6 from the Saxon Erzgebirge given by Sauer» These seem to complete the 
transition from asphalt to graphite. 


Composition of Precarboniferous Coals calculated on the Dry Substance free from 

Ash. 


- 

Carbon 

Hydrogen 

Oxygen and 

N itrogen 

Cap Rouge ..... 

Dl .30 

6-20 

2-50 

Kingston 

00-50 

4-20 

5-60 

Mistassini ..... 

96-20 

1-20 

3 60 

Sudbury 

96-10 

0-50 

3-10 

Petitsikapau .... 

97-12 

1-32 

1 56 

Lake Onega .... 

99-20 

0 40 

0-40 

Erzgebirge 

99-80 

0-20 

0-00 


3. The Constitution of Aliphatic Ketones. By Professor P. C. Freer. 

4. The Chemistry of Methylene. By Professor J. U. ISTef. 


5. Formation of a Benzene-Ring by Reduction of a 1 : 6 Diketon. 

By A. Lehmann. 

The 1 :G diketon was formed by condensation of benzil with two molecules of 
acetophenon, the former partially dissolved in the latter, and condensed with 
alcoholic solution of sodium hydrate (yield 80 per cent.), 

CJI 5 


^ CH3.CO.C„H,_ono+ I 

.^CIL.CO.C^H — 


0 : CH.CO.C\H, 


C : CH CO.C.H, 


This by reduction with III gave, together with other substances, a small 
yield (1 per cent.) of tetraphenyl-benzene. A ring formation therefore took place 
to some extent. Much better results were, however, obtained by reduction with 
zinc dust and acetic acid, and treating one of the products with phosphor-oxy- 
chloride. 

The zinc-dust reduction gaveabutylen derivative (diphenyl-dibenzoyl-butylen', 
a pinakon, a ‘ pinakolin,’ and several other products. The butylen derivative gave 
with POCI3 40 per cent, of tetraphenyl-benzene. The latter reaction is a very 
interesting one— so far as I know without a direct parallel. The ^pinakolin/ 
strictly speaking, does not belong to this class. It is not a keton, but, most likely, 
a derivative of a compound standing in the same relation to benzene as ethylen to 
ethylen-oxide. 

/\ .CA 

c,H,-c c<r 

1 i> 

GM-O 

c 

H 
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6. Condensation Products of Aldehydes and Amides^ 

By Charles A. Kohn, Fh.D.y B.Sc, 

The products obtained originally by Roth by heating together benzaldehyde and 
acetamide or other aliphalic amides, or ben z aldehyde and benzamide, are only 
formed in comparatively small quantity when the two substances are lieated to 
incipient boiling, very many recrystallisations being necessary in order to get the 
resulting product pure, owing to the presence of by-products. After trying various 
■condensing agents it was found that by passing dry hydrochloric acid gas into a 
boiling benzene solution of benzaldehyde and benzamide in the proportion of one 
molecule of the former to two of the latter, a yield of 75 per - cent, of the pure 
product, which crystallises in long needles melting at 220°, is obtained. Analysis 
confirms Roth’s formula, the condensation taking place according to the equation : 

0 jr,.CHO + 2CJL.CO.Nri2 = C JI ,.CH(NII.CO.C JL.)? + Hp 

Benzylidene dibenzamidc. 


Tlie reaction, however, when carried out under similar conditions in the case of 
acetamide and benzaldehyde, yields the hydrochloride of acetyl-benzylidene-imide 
or acetvl-benzalimide as a beautifully crystalline compound, which is decomposed 
by all hydrolytic agents. 

The reaction is best effected in a benzene solution containing equi-molecular 
proportions of acetamide and benzaldehyde into which the dry hydrochloric acid gas 
is passed. A yield of 70 per cent, of the hydrochloride is obtained, which begins 
to melt with decomposition at 130° to 131°. Both analysis and the quantitive 
<iecom}308ltion of the substance by water point to the formula C.jHyNO.IICl. Its 
formation is represented as follows : 

CcH..CHO + ClIy.CONIL + ilCl 

-C„fT,.OH : N.CO.CIIj.IIOl + lIjO. 

It is decomposed by water according to the equation : 

OJI,.CIl : N.C00H,.I101 + IL0 

- CJLCIIO + ClIy.CONII^ + IICl. 

This substance, therefore, appears to be the acetyl derivative of the benzalimide 
prepared by Busch, and presents similar conditions of instability to the latter. It is 
not attacked by cold water at once, but if gently warmed, and then allowed to cool 
immediately after solution has taken place, the analogous product to that obtained 
with benzaldehyde and benzamide results, a body previously prepared by Roth. It 
forms acicular needles, and melts at 233°. The change may bo represented thus, 
-one molecule of aldehyde being separated : 


+ 


C,H,.GTI : N.CO.CIly OCl .r ^ 

C jls.CIl : N.CO.GII3.IICI * 

= c„ii,.ciio + cjr,.cii(]srn.cocii,), + 211 C 1 , 

Benzylidene diacetamide. 


A good yield of this substance is obtained directly by passing dry hydrochloric 
acid gas into a melted mixture of the two constituents in suitable proportions. 

Analogous decompositions by alcohols are under investigation ; also the con- 
densation products of other aldehydes, ketones and allied bodies both w ith amides, 
nitrilesf thioamides and sulphamides. 

By the action of sodium amide on benzaldehyde in benzene solution the sodium 
salt of benzalimide is obtained as a voluminous white gelatinous precipitate, 
which when dry forms an amorphous white powder, immediately decomposed by 
water with evolution of ammonia. 

The equations representing these reactions are : 

CJL.CnO + NaNIL-CJL,.CII : N.Na + ILO 
CiH,.CII : N.Na + 211.0 = C JL .0011 + NH 3 + NaOII. 
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Ketones react similarly. The properties of these bodies and the reaction with 
hetonic and aldehydic' bodies, as well as with simple ketones and aldehydes, are 
being studied. 

A further object of the investigation is the preparation of the theoretically 
possible stereo-isomers of these imido*com pounds. In addition, the therapeutic 
value of benzylidene-diacetamide and benzylidene-dibenz amide is being studied in 
■conjunction with Dr. A. Griinbaum, 


7. A Next} Form of Btinsexi Burner. By Hugh Marshall, D.Sc, 

The ordinary form of Bunsen burner has several drawbacks. One of these, 
which makes itself especially felt in a large practical class, is the liability of the central 
gas jet to become choked by matters falling down the tube : fused beads of borax, 
&c., are particularly troublesome in this way. Various modifications were experi- 
mented with, in order, if possible, to obtain a form of burner which would over- 
come this difficulty. None of these wnre satisfactory until the expedient was 
adopted of abolishing the central jet altogether and introducing the gas through 
lateral openings. Burners on this principle were found to be superior to the old 
ones in several ways. 

The base consists of a star-shaped gun-metal tripod, with an opening and short 
tube in the centre ; at one side of the opening, below the tube, is a small rectangu- 
lar block. This block carries the horizontal gas supply tube. A hole of suitable 
diameter is drilled through the block from the end of the gas tube to the central 
tube. This serves as a jet for the introduction of the gas. Into the central tube 
is screwed a vertical brass tube of convenient length, as in an ordinary burner. 

The new style of burner therefore diflers from the old in having an inclined 
lateral opening in place of a central gas jet ; in having the bottom of the tube 
open right through to the bench, and in having no lateral air holes. 

It is found that the flame can be turned down very low without requiring any 
regulation of the air supply, and, so far as that is concerned, an air regulator is 
almost superfluous. In order to obtain a luminous flame, however, a regulator is 
fitted on the under side of the base. It consists simply of a pivoted diaphragm of 
sheet brass, with an arm projecting beyond the base to admit of easy manipulation. 

Further improvements are contemplated with regard to this part of the 
mechanism, however. 

A considerable number of burners have been made on this plan, and have been 
in use for several months. They work very satisfactorily. 


WEDNESDAY, AVGUST 25. 

The following Papers and Deports were read . 

1. Molecular Movement in Metals. 

By Professor W. C. Robebts-Austen, C.B., F.B.S, 


2. The causes of Loss incurred in roasting Gold Ores containing Tellurium. 

By Dr. T. K. Rose, 

It is a common experience that when ores containing tellurium are roasted 
considerable losses of gold occur. It has been generally believed that the losses 
are due to volatilisation, although little direct evidence of this has been brought 
forward. 

In the paper experiments are described which point to a different conclusion. 
Samples of an alloy of gold and tellurium, containing 78-0 per cent, of the former. 
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were heated in a porcelain boat, inclosed in a porcelain tube, through which a 
glass tube was passed, kept cool by a current of cold water (hot and cold tube). The 
alloys were treated for different periods of time up to one hour, at temperatures 
between 500° and 1100° O., in currents of different gases, air, carbonic oxide, 
hydrogen, and water gas (carbonic oxide and hydrogen in about equal volumes) 
being used in successive experiments. 

In each case the whole or a part of the tellurium was sublimed and condensed 
on the cold tube, but the sublimates in only one case contained a trace of gold, in 
the other cases the whole of the gold being found still to remain in the boat. The 
exception was when air was used as the atmosphere, the oxide of tellurium con- 
densed on the cold tube in that case being found to contain 0‘03 per cent, of the 
total gold originally nresent. 

A second series of experiments on a tellurium ore from Western Australia con« 
taming over 1,000 oz. of gold per ton gave similar results. 

The heavy losses incurred in roasting tellurides appear to be due in reality to- 
liquation, the entectic of gold and tellurium having a very low melting point, so 
that some of it passes through the mass and soaks into the furnace bottom at tem- 
peratures below a red heat. 


3. The Behaviour of Lead and of some Lead Compounds towards Sulphur 
Dioxide. By H. C, Jenkins. 


4. The Vapour Tensions of Liquid Mixtures. 
By Dr. W. L. Miller and T. K. Eosebrough. 


5. TJlo Electrolytic Determination of Copper and Iron in Oysters. 
By Dr. C. A. Ivoiin. 


6. The Nitro^ Alcohols.^ By Louis Henry, Professor of Chemistry in the 
University of Louvain. 

The method of preparation used by the author consists in the condensation of 
aldehydes with nitro-paraffins. The condensation takes place in the presence rf 
water and of an alkali. A noticeable disengagement of heat accompanies the 
reaction. He found that the condensation oi the nitro-paraftin with aldehyde is 
dependent upon the presence of hydrogen atoms linked to the carbon atom holding 
the nitro group, and it does not occur with the tertiary nitro-paraffins. The 
capacity of condensation also varies with the number of hydrogen atoms existing 
in the nitro-carbon chain. This capacity for condensation can be exercised either 
completely or incompletely and gradually, replacing but one of the two hydrogen 
atoms available at a time. The intensity of the reaction depends on the number 
of hydrogen atoms and on the molecular weight not only of the aldehydes but of 
the nitro-paraffins. It is greatest with formic aldehyde ; it is at its maximum 
also in nitro-methane. 

All nitro-alcohols are colourless, and cannot be distilled at ordinary pressure ; 
most of them are liquid, those are solid which are derived from poly-acid alcohok. 

CH2NO3 

The existence of the grouping JpjQpj determines in these alcohols a special and 

intensely disagreeable odour ; the haloid derivatives of the nitro-paraffins possess, 

‘ See the Author’s communications published in the Bulletin de VAcademie royale 
de Belgiqtie, 1896, 1896, and 1897. 
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in a like mannej. the power of combining with aldehydes except those containing 
I y Y 

the grouping ^1 \NOa free from hydrogen. The author has not been able to es- 


tablish this condensation with acetone or with ethylene oxide such as I ^ 

CII/ 

It also appears not to take place with the aromatic aldehydes, notably with benzoic 
aldehyde. The basic hydrogen in the nitro-paraffins seems to behave in a manner 
similar to the hydrogen in hydrocyanic acid. He concludes also that these con- 
densations are but particular cases of a general rule. All compounds containing the 


chain — C -II with basic hydrogen, such as — 


COCOClTa) 

COCOCIIa) 

cocociB) 

j 

CH, 

1 

IIC(CO(OCHs)), 

j 

CII 2 

1 

1 

CHj 

1 

CH. 

1 

I 

CO 

1 

&;c., &c. 

COCOCHa) 

CN 

CO 

1 

CH, 

1 




1 

CH, 

1 

CO 





j 

CH, 



are capable of condensation more or less easily with aldehydes, less with those 
where the aldehyde character exists with greatest intensity. The author sub- 
mitted also a list of the nitro-alcohols which he has prepared up to the present 
time. The three possible uitro-propyl alcohols, together with a triclor-nitro-propyl 
alcohol were included, also five nitro-butyl alcohols and four nitro-hexyl alcohols. 
Of the halo -nitro-alcohols three were described, having formulae — 

CIU)H OH.,OH CHgOH 

1 ■ I I 

CBrNO, CClrO, and 

I 1 ^<HO/ 

CIIjOH CH.OII I 

CH, 

The author has been unable to obtain as yet a uitro-nitrile such as ON*CH^NO^. 
A student in his laboratory however has prepared CN‘CIl2'CII.j'CHr02. The 
author is now engaged in studying the effect of the nitro group upon the intensity 
of the alcoholic character of these bodies, as well as the products of the oxidation 
of the nitrated primary and secondary alcohols, with the view of obtaining from 
them nitrated aldehydes and ketones, and the products of reduction of the nitro- 
alcohols leading to the preparation of corresponding alcoholic amines. 


7. The Plaster of Paris MHliod in Blowpipe Analysis} 

By Professor W. W. Andrews. 

In a paper published in the October number of the Journal of the American 
Chemical Society,’ entitled ‘Some Extensions of the Plaster of Paris Method in Blow- 
pipe Analysis,’ the author gave some account of the development of this method since 
l)r. Eugene Haanel first proposed this new support.^ The new composition of the 
tablets, the new easily prepared and portable reagents, and the reactions they yield 
with the metals were there described. The author now gives some new applica- 
tions of this support and some new reactions. The iodide coatings of the metals 
are shown. 

The addition of boric acid to the calcium sulphate in the manufacture of the 

‘ Published in extenso in the Chemical News, January 1898. 

^ This paper was republished in the Chemical News, November 1896. 

1897. s s 
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tablets so fortifies them that they form a substitute, not only for charcoal, but also 
for platinum wire and bone ash. They resist the action of the fluxes, borax and 
metaphosphoric acid, and instead of beads in platinum loops we may with advan- 
tage produce coloured glassy films on the surface of the white tablets. Oxidation 
and reduction take place very readily in these films. All degrees of saturation 
may be observed at once. The colour changes due to change of temperature may 
be more accurately observed on account of the slower rate of cooling. 

Tn assay work, if a fragment of a tablet be heated to redness for a few seconds 
and then pulverised, we have a material which may be moulded into a smooth cupel 
which does not blister, and which very readily absorbs the lead oxide in cupellation. 

Potassium sulphocyanate, metallic iodine, potassium cyanide, potassium sul- 
phide, and potassium cadmium cyanide are all easy to carry. With water they 
easily dissolve, and therefore solutions may be prepared anywhere. In the labora- 
tory more rapid and better work can be done with the solutions. Potassium sulpbo- 
cyanate is not always kept by the drugirists, and its preparation by crystal lisation 
in tlie laboratory is tedious. The simplest way to prepare the iodine solution is to 
mix fragments of potassium cyanide and sulphur, the latter a little in excess of 
the molecular proportions, in a test tube and fuse together, adding water while yet 
warm, and then adding metallic iodine to saturation. Dr Wirt Tas.sin, of Wash- 
ington, uses a solid reagent made by fusing iodine and the sulphocyanate together 
with a little sulphur, and then powdering. This, if stable, ought to pro\e \ery 
satisfactory. 

Here is a very effective portable blowpipo lamp which costs less than two 
cents. It consists of an ordinary druggist’s tin salve box, with a piece of tin 
bent to form a wick-holder. The cover is bulged so as to shut down over the 
wick. The fuel is paraffin wax or stearin. The flame is smokeless, very hot, ami 
with great reducing power and free from sulphur. Once filled, it burns for more 
than an hour, A test tube can he readily boiled over it. In private laboratories, 
and in schools in towns, where the electric light lias supplanted gas, and afield, 
this little piece of simple apparatus has proved itself very useful, 

vSome reactions, not hitherto published, are those obtained by using the tablets 
as infusible filters. Films are obtained, for which I propose the name ‘ solution 
films,’ to distinguish them from the sublimation films. 

If to a solution of a lead salt a little potassium sulphocyanate be added, a pre- 
cipitate of lead sulphocyanate tends to form. When, however, no precipitate is 
visible, if a drop be let fall on a tablet, instantly a brigbt-yellow spot is seen. The 
delicacy of many tests may be greatly increased by making use of this property of 
the tablets. It seems to be somewhat catalytic. Not only one, but as many as 
fifty or one hundred drops may fall upon the same spot, each drop deepening the 
coloration. Various confirmatory tests by wet or dry methods may then he made. 

The iodine solution shows a remarkable power of dissolving gold. Gold leat 
dropped on its surface almo.st instantly dissolves. If the solution containing gold 
be dropped on a tablet and the spot touched with the blowpipe flame, a fine pink 
film appears. It is better to add ammonium hydrate to the solution till de- 
colorised. One drop of solution containing one part gold in thirty thousand 
will show a fine pink. Fifty drops will show gold present in one part in six hun- 
dred thousand and one hundred drops, one part in one million of solution. The 
test, therefore, may he made quantitative. 

Platinum yields a slate-coloured film, chromium a film dark-green hot, and fine- 
green cold. Copper yields a purple film, which, treated with sulphuric acid, dis- 
appears and darkens in oxidising flame. From some solutions the copper film is 
black. If a copper solution he dropped on a tablet and heated vapours of hydro- 
bromic acid be blown over it, the purplish-brown of cupric bromide will appear. 
This will reveal copper, when present, one part in two million parts of solution. 

Iron gives a brownish film, which sulphuric acid turns to Venetian red, and 
other acids remove. A little metaphosphoric acid added to the solution will pre- 
vent the formation of the film Cobalt yields a pink film, which becomes, on 
hydration, a h(.‘autiful blue, and more strongly heated a black, which a drop of 
strong acid potassium sulphate removes* 
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Nickel yields a pale-green film, which, dehydrated, becomes a brownish-yellow 
and then a black. Ammonium hydrate turns the solution a fine blue. 

Nickel may be detected in the presence of cobalt. The solution will probably 
be colourless, unless iron be present, when it will be amethystine. If a drop of 
the iodine solution be added to the section of the tablet, wetted by the metallic 
solution, and heated, the centre will he black, showing nickel, for in such circum- 
stances the cobalt tends to leave a white centre, forming a black ring with 
sometimes a blue ring separating it from the centre, outside that a brownish yellow 
showing nickel, and farther out a spreading blue showing cobalt. The thio- 
cyanate heated in the presence of an acid yields a yellow spot, which must be 
distinguished from the nickel film. The salts experimented with were the nitrates 
and sulphates, and when cohalt was six times as abundant as the nickel, the reac- 
tions of the latter were well marked. 

Manganese, vanadium, molybdenum, ruthenium, and osmium also yield solu- 
tion films. 

Potassium cadmium cyanide has been found to be a reagent which afibrds a 
very delicate and ready test for sulphur even in the presence of selenium and 
tellurium. 

Potassium sulphocyanate solution was added to a cadmium solution and 
dropped on a tablet and heated, and the scarlet of hot cadmium sulphide showed 
itself. fSixteen drops revealed the presence of cadmium in a normal solution, 
and this test was not interfered with by the presence of two hundred times as 
much zinc. 

Zinc in the cobalt teat responded with great delicacy, but aluminium gave no 
very delicate results, on account of the calcium reaction of the tablet itself. 

Another extension of this method is to the compounds of organic chemistry. 

Carbon gives a sooty coating which metaphosphoric and sulphuric acids in- 
crease. Tars and asphalts give a black tinged with green. 

The phenols with the same reagents yield a black edged with a pinkish red. 
Picric acid is the only exception found so far. It gives a yellow. The following 
were among the phenols treated — carbolic acid, pyrogallol, salicylic acid, oils of 
coniine and wintergreen, Canada balsam, Jlurgundy pitch, resin, phenol phthalein, 
hydroquinone, and creolin Many of the phenols when dropped on a tablet pre- 
viously heated before the blowpipe show very brilliant and characteristic colours. 

The paraffins yield no red, but heavy sooty, films. We have therefore group 
and individual tests. 


8. Some Ea'perlments with Chlorine. — By R. Ransporp. 


9. Report on the Electrolytic Methods of Quantitative Analysis, 
See Reports, p. 295. 


10. Report on Isomeric Naphthalene Derivatives , — See Reports, p. 292. 


11. Report on the Direct Formation of Haloids from Pure Materials, 
See Reports, p. 295. 


1 2, Interim Report on the Bibliography of Spectroscopy, 


[13. Report on the Carbohydrates of the Cereal Straws* 
See Reports, p. 294. 
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Section C.— GEOLOGY. 

President op the SEcnoN— D r. G.M. Dawson, C.M.G., F.R.S. 


THURSDAY, AUGUST 19. 

The President delivered the following Address : — 

The nature and relations of the more ancient rocks of North America are problems 
particularly Canadian, for these rocks in their typical and most easily read develop- 
ment either constitute or border upon the continental Protaxis of the North. The 
questions involved are, however, at the same time, perhaps more intimately con- 
nected with a certain class of world-wide geological phenomena than any of those, 
relating to later formations, in which a greater degree of differentiation occurred 
as time advanced. A reasonably satisfactory classification of the crystalline rock» 
beneath those designated as Paheozoic was first worked out in the Canadian region 
by Logan and his colleagues, a classification of whicli the validity was soon after 
generally recognised. The greatest known connected area of such rocks is em- 
braced within the borders of Canada, and, if I mistake not, the further understand- 
ing of the origin and character of these rocks is likely to depend very largely upon 
work now in progress, or remaining to be accomplished here. 

This being the case, it seems very appropriate to direct such remarks as I may 
be privileged to make on the present occasion chiefly to these more ancient roclcs, 
and the subject is one which cannot fail to present itself in concrete form to Iho 
visiting members of this Section. Personally I cannot claim to have engaged in 
extended or close investigations of these rocks, and there is little absolutely new 
in what I can say in respect to them ; but work of the kind is still actively in 
progress by members of the staff of the Geological Survey, and the classification 
and discrimination of these older terranes present themselves to us daily as im- 
portant subjects of consideration in connection with the mapping of vast areas 
80 that, if still admittedly imperfect in many respects, our knowledge of them 
must he appraised, and, at least provisionally, employed in a practical way in order 
to admit of the progress of the surveys in hand. 

Although it is intended to speak chiefly of the distinctively pre-Cambrian rocks 
of Canada, and more particularly of the crystalline schists, it will be necessar}'- 
also to allude to others, in regard to the systematic position of which differences 
of opinion exist. Of the Cambrian itself, as distinguished by organic remains, 
little need be said, but it is essential to keep in touch with the paleontologically 
established landmarks on this side, if for no other reason than to enable us to 
realise in some measure the vast lapse of time, constituting probably one of tho 
most important breaks in geological history, by which the Cambrian and its allied 
rocks are separated from those of the Huronian and Laurentian systems. 

In attempting to review so wide a subject undone upon which so much has already 
been written, the chief difficulty is to determine how much may be legitimately 
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•eliminated while still retaining the imjjortant features. This must be largely a 
matter of individual j udgment, and I can only hope to present what appear to me 
to be the essential points, with special reference to the geology of Canada, The 
useful object of any such review is, of course, to bring out what may now actually 
be regarded as established respecting these older rocks, and in what direction the 
most hopeful outlook exists for improving our knowledge of them. For this pur- 
pose, the best mode of approaching the subjecr, in the first place, and up to a 
■certain point, is the historical one, and it will thus be desirable to recapitulate 
briefly the first steps made in the classification of the crystalline schists in Canada. 
M'his is tlie more appropriate, because of the substantial accuracy of these first 
‘observations, and j:he fact that they have since been largely buried out of sight by 
a copious controversial literature of later growth. 

Soon after the Geological Survey of Canada was begun, now more than fifty 
years ago, Logan (who in the earlier years of tlie work may almost be said to 
have alone constituted the staff) found himself confronted with the great areas of 
crystalline rocks forming the continental IVotavis. The existing geological editice 
has been so largely the result of the past half cent ury of work, that it is not now 
easy to realise the elementary condition in which its foundations lay at that time, 
tt was then but ten years since Sedgwick and Murchison had given form to their 
discoveries in regard to the Cambrian and Silurian, and a still shorter time since 
the definitive publication of the claa^^i float ion of the Cambrian and the appearance 
of the ^ Silurian System,’ while Hall, Emmons and others, working upon these 
lines, were actively engaged in building up a similar classification of the Palaeozoic 
rocks of the Eastern States of the American Cnion. The Silurian and Cambrian 
had, in fact, but just been reclaimed from what Murchison speaks of as the ‘vast 
unclassified heaps of greywacke’ or ‘ transition limestones.’ 

It would have been quite appropriate at this date to relegate all underlying and 
more or less completely crystalline rocks to th(3 ‘Primary,’ or ‘Primitive,’ or 
* Azoic,’ but such a solution fortunately did not recommend itself to Logan. 

It was along the Ottawa Valley, in 1846, that the rocks subsequently classed 
under the Laurentiaii and Iluronian systems were first examined in some detail. 
In that year Logan met with and accurately described, severally, rocks which we 
now refer to (1) The Fundamental Gneiss; (‘2) The Grenville Series; and (o) 
The Iluronian. Tie speaks of the rocks of the first class as being in the mam 
fiyenitic gneisses ‘of a highly crvstalline quality, belonging to the order which, in. 
the nomenclature of Lyell, is called metamorphic instead of primary, as possessing 
an aspect inducing a theoretic belief that they may be ancient sedimentary forma- 
tions in an altered condition,’ In what we now call the Grenville Series, he de- 
scribes the association of crystalline limestones and interbedcled gneisses, adding 
that it appeared to bo expedient to consider tills mass as a separate metamorphic 
^roup, supposed to be newer than the last. Gt the Iluronian, the relations were 
at that time left undetermined, although it is observed that its beds hold pebbles 
of the underlying rocks, here the Fundamental Gneiss. 

The following season was spent by Logan, and by his assistant Murray, on the 
north shore of Lake Superior, Thunder Bay and its vicinity being one of the regions 
especially examined. Without enumerating particular localities, it may be stated 
that Logan there grouped the rocks met with as follows, beginning with the 
lowest ; the column added on the left giving the present nomenclature of the 
ijevi'ral senes deflned : — ■ 

I^ureiitian . 

Iluronian 


Animikie 

Keweenawan 


ri. Granite and syenite. 

’ \ 2. G neiss. 

. 3. Chloritic and partly talcose 
and conglomerate slates 
[schists.] 

. 4. Bluish slates or shales inter- 
stratified with trap. 

. 6. Sandstones, limestones, in- 

durated marls and conglo- 
merates, intei strati tied with 
trap. 
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It is not distinctly stated that No. 3 rests uncon form ably on the older rochs, 
hut the observation that granitic boulders were found in it, leads to the belief 
that such unconformity was assumed. Murray, however, supposed the junction 
as seen on the Kaministiquia to be conformable, and unites the first three subdivi- 
sions, as above given, in one series. 

Logan further states, still referring to the same region, that the * chloritic 
slates [schists] at the summit of the older rocks on which the volcanic formations 
rest unconfornaably, bear a strong resemblance to those met with on the uppei' 
part of Lake Temiscaming on the OttaAva, and it appears probable that they will 
be found to be identical.’ 

It will thus be observed that the progress in classification made, up to this date 
at least, entirely accords with the results of the latest investigations. The identity 
of the rocks placed third in the table with those of the Upper Ottawa was 
more than conjectured, and the existence of a great stratigraphical break at the 
base of what is now known as the Animikie was clearly recognised. The several 
formations were merely described. No specific names were given to them at this 
time by Logan, and it is further stated that the age of the highest formations 
(Animikie and Keweenawan) was in doubt, although some reason was found to 
support Houghton’s' view (or what was believed to be bis view), that theso 
formations are lower than the Potsdam, or Uowest fossiliferous formation.’ 

In 1847 and 1848, investigations were continued along the north shore of Lake 
Huron, of Avhich the characteristic rocks are, it is stated, believed to form a single 
.system. They are described as in part sedim*cntary (quartzites, conglomerates,. 
&c.), and in part igneous (greenstones), the latter being both interposed between 
the sedimentary beds and intrusive. The ^ slates ' are particularly characterised 
by Murray as often chloritic, epidotic, and micaceous, and would now, of course,, 
be more specifically termed schists. 

Writing in 1840,’^ however, and later, in a communication presented to tliis- 
Association in 1851, Logan, although still recognising the manifest unconformity 
at the base of the Animikie, speaks collectively of the ‘ Copper-bearing Pocks ’ of 
Lake Superior and Huron, including under this general term what are now known 
as the Huronian, Animikie, and Keweenawan series, and adds that it is Miighly 
probable ’ that all these are approximately equivalent to each other, and to the- 
Cambrian of the British Islands. 

In the Report for 185^2-5.3 (published 1854), the name Laurentian Avas adopted 
for Avhat had been previously designated merely as the ‘ raetamorphic series,’ and 
in the geological sketch printed in Paris in connection with the ICxhibition of 
J855 (winch mllows next in order of publication), this system is stated to consist 
almost exclusively of much altered and disturbed sedimentary beds. It is also,. 
Iiowever, made to include some recogni.sed intrusives, such as granite and syenites,, 
forming parts of the mass, as Avell as the Labradorite rocks, which were after- 
wards for a time named Upper Laurentian, and to which further allusion will 
be made in the sequel. The name Laurentian is here therefore first employed 
♦exactly in the sense of tlie term ^Basement Complex,’ introduced long afterwards, 
but under the distinct idea that most of the rocks are altered sediments, from 
which certain intrusive masses were not clearly separable. 

In the same publication, the overlying series of Lakes Huron and Superior, 
including the Huronian proper, the Animikie and the KeAveenawan, were collec- 
tively spoken of as the ‘Huronian or Cambrian system.’ These rocks are 
described as lying discordantly on the Laurentian, and as intervening between it 
and the lowest known fossiliferous strata. There being no other recognised places 
for such rocks in the scheme of the day, they are consequently supposed to 
represent the Lower Cambrian of Sedgwick. 

It is unnecessary to follow in order the investigations carried on for a number 
of subsequent years, but reference may now be made to the ' Geology of Canada, 
of I8C3, in which all previous results of the Survey to that date were collected and 

* Then State Geologist of Michigan. 

* liepoTt on the North Shore of Lake Hurm^ 



TRANSACTIONS OF SECTION C. 


u31 


systematised. In this 'volume, after stating that HalFs nomenclature of the 
Paheozoic rocks in the State of New York had been adopted unchanged for the 
adjacent Canadian territory, ^in the interests of unity of plan for future 
researches,' Logan -writes : — * To the Azoic rocks no local names have yet been 
applied in any part of America except in Canada,' and adds : — ‘ The names of the 
Laureutian and Huroniaii systems or series, which we have been accustomed to 
apply to them, are allowed to remain unchanged, particularly as they have been 
recognised abroad, and have been made by other geologists a standard of com- 
parison both in America and Europe.' 

Ill Chapter V. of this volume the ' Upper Copper-bearing Rocks of Lake 
Superior ’ are separately treated, and are recognised as comprising two groups 
which are stated to overlie the Hiironian unconformably. These groups are those 
now known as the Aiiimikie and Keweenawaii. 

There can be no doubt about the classification intended at this time, and the 
rocks are correctly laid down on the atlas prejiared to accompany the volume, but 
in consequence of an unfortunate error in the geographical description of the 
distribution of the Iliironian about Thunder Bay, that arose in 1840 and was 
repeated in 1863, several later investigators have been led to regard the rocks of 
the ^ Upper Copper-bearing Series ' as those of Logan’s typical Iluronian, and to 
Hupposti that when examining these rocks they Avere dealing with those intended 
to be classed as Iluronian. Irving, Winchell, and others have adopted this mistaken 
view, which it is particularly necessary to refer to here, as it has been the chief 
cause of all subsequent misapprehension in regard to the ^ Original Huronian.’ ^ 

'Jlie temporary grouping of the Iluronian proper with the ‘ Upper Copper- 
bearing Seri(‘s’ (Aniniikie and Kewecnawan), on the grounds already explained, 
as ‘ Iluronian or Cambrian,' together with tlie employment (proper enough at the 
date) of the term ‘ slates ’ for rocks that would now be named schists, further 
assisted in giving colour to tlie erroneous view just referred to. 

In a second geological sketch of (^'anada, printed in Baris at the time of tlie 
International Exhibition of 1867, the same elussiti cation is maintained, but to it 
is added the Upper Laurentlan or Labradorian. This sketch was actually written 
by Hunt, but it was an official iniblicatiou, correctly representing the views held 

* As already stated, the relations of the jiriiicip.nl rock-series of the vicinity of 
Thunder Bay had been correctly outlined in 181(», although the senes had not at that 
time been named. The Kaministiquia River section had been examined by Murray, 
who also correctly described the distribution of the series there, stating that the 
‘ granite, syenite, gneis.s, micaceous and chloritic schist ’ (Laurentiau and Huronian) 
iind their southern limit on a line running from the falls on that river to the ‘ liead 
of Thunder Bay,’ while the ‘ Upper 81ates (Animikie) rest upon them and occupy the 
country between such a line and Lake Superior’ {Re^wrt of Progress, 1846-47, p. r>l). 
In combining his own results Avith those of Murray, Logan describes the southern 
line of the granite, gneiss, and chloritic slates as ‘commencing in the vicinity of 
Fort William,’ or at the month of the Kaministiquia, althonp;h the falls, at which 
this line had been determined by Murray, are some twenty miles up the river. Pro- 
ceeding (()p. cit. p, 2.5) to describe the extent of the ‘superior trappean formations ’ 
(Animikie and Keweenawan), he then reverts to the line previously stated, making 
these rocks to terminate locally where he had said the older rocks began. In 
recasting the earlier observations for the volume of 186J (no further work having 
meanwhile been done at this place), Logan is thus naturally led to state that the 
Huronian (i.e, the ‘Chloritic Slates’) ooctqnes the coast east of the Kamlnistiquidy 
whereas this coast, for ten or eleven miles, is actually occupied by Animikie rocks. 
Subsequent investigators, inspecting this coast-line with the volume of 1863 as a 
guide, very naturally thus assumed that they were examining Logan’s ‘ typical 
Huronian,’ or a part of it. It is in consequence only of a too consistent adhesion to 
this misunderstanding, that it has been found necessaiy to speak of an ‘Upper 
Huronian,’ and refer to an ‘ inter-Huronian ’ unconformity. The so-called Upper 
Huronian is no part of the system as understood by the Canadian Survey. One 
cannot fail to note, in reading much that has been written on this subject, that the 
importance of the great unconformity at the base of the Animikie was realised only 
after a new classification had been adopted, in which it had practically been ignored. 
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at that time, and may be accepted as Logan’s last word on the subject. As thus 
defined and established, he left the Laurentian and Huronian systems. 

In so far as the stratigraphical relations of the Laurentian, Huronian, and 
^ Upper Copper-bearing Series’ are concerned (leaving out of consideration the 
Labradorian), it is thus manifest that the conclusions originally formed from 
actual study on the ground were those finally held by Logan. The reference for 
a time of the Huronian proper and the * Upper Copper-bearing Series ’ together to 
the Lower Cambrian, meant only that, as then understood, there was no other 
systematic position recognised to which they could be assigned. That a great 
unconformity existed between these two systems was never doubted, but for some 
years Logan was not prepared to take the bold position of constituting a separate 
Huronian system beneath the lowest Cambrian ; he was, on the contrary, anxious, 
if possible, to bring the Canadian section within the lines established in the classic 
region studied by Sedgwick and Murchison. The introduction of new systematic 
terras was at that time considered somewhat seriously. When eventually com- 
pelled to take this step (in 1857), he confined the name Huronian to rocks ante- 
dating the great break at the base of the ‘ Upper Copper-bearing Series ’ (Animikie), 
embracing these first seen by him on the Upper Ottawa and on Lake Huron, with 
their representatives elsewhere, under this new system. 

In so far as nomenclature goes, Logan thus certainly modified his original 
application of the name Huronian ; it was not, however, as has been contended, to 
create an ‘ extended Huronian,’ but on the contrary to restrict the name to rocks 
beneath the great un(;onformity at the base of the Animikie. The change was 
necessitated by the progress of investigation and by the recognition of an upper 
division of the ‘ Azoic,’ beneath anything that could legitimately be classed us 
Cambrian. It was made by the author himself, and involved no departure from 
the law of priority or from any other acknowledged rule. In finally eliminating 
these upper rocks from his Huronian system, he was no doubt influenced by 
Whitney^s criticivsms of 1857,^ which were in part correct, although largely devoteii 
to the very conservative contention that all stratified rocks below the great break 
were inseparable, and should he included in an ^ Azoic System.’ This influence 
may be traced in an important paper, of but three pages, communicated to the 
American Association for the Advancement of Science a few months later than the 
date of that above referred to, in which, while the name Huronian is reaffirmed 
for the rocks of Lake Huron and I^ake Temiscaming, which are taken as typical of 
the system, nothing further is said of those now known as Animikie and 
Keweenawan. 

In the summary volume of 180.3, to which allusion has already been made, the 
existence of an Upper Laurentian, Labradorian or Norian Series was first tentatively 
indicated in a supplementary chapter. It is unnecessary to follow here the history 
of the rocks so classed, for the supposed series has not stood the test of later 
discussion and research, due chiefly to Selwyii and Adams. The apparently 
stratified rocks often included in it are now understood to be foliated eruptives. 
The recognition achieved by this and by other more or less hypothetical series 
about this time may be traced to the brilliant cheraico-geological theories 
advanced by Hunt, previous to the general acceptance of modern petrographical 
methods. 

In a similar manner, and very justly so, Logan, as a field geologist, was in- 
fluenced by the views held by Lyell in the early editions of his ‘ Principles,’ to 
accept without reservation the foliation of crystalline rocks as indicative of original 
bedding. This was, at the time of his early researches and thereafter for many years, 
the accepted view, although Dana, in a paper read before the American Associa- 
tion for the Advancement of Science in 1843, had already held that the schistose 
structure of gneiss and mica-slate was insufficient evidence of sedimentary origin ; 
and Darwin, a few years later, had published his * Geological Observations,’ includ- 
ing a remarkable chapter on cleavage and foliation, in which he advocated a similar 
view. No such doctrine, however, achieved general recognition until long after- 
wards, while that class of facts remaining to be determined chiefly by the micro - 

* Am. Journ. Set , vol. xxiii. May, 
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scope, which may he included under the term ‘ dynamic metamorphism,’ were 
wholly unknown and unforeseen. 

In admitting^ that chemical, metamorphic, and iiniformitarian hypotheses were 
thus given, in turn, undue weight, it is not to be assumed that the advances made 
under these hypotheses have been entirely lost; it has been necessary only to retreat 
in part in each instance, in order to fall again into the more direct road. 

In late years, modern microscopical and chemical methods of research have 
been applied to the ancient crystalline schists of Canada — the older work has been 
brought under review, and new districts have been entered upon with improved 
weapons. Here, as in other parts of the world, investigations ^f the kind are 
still in active progress ; finality has not been reached on many points, but the ex- 
planation of others has been found. One advance which deserves special mention 
is the recognition of the fact that a great part of the Iliironian is essentially com- 
posed of contemporaneous volcanic material, effusive or fragmental. This was 
first clearly stated by Canadian geologists, but has only become generally admitted 
by degrees, in opposition to prevalent theories of metamorphisin and cosmic 
chemistry. 

The first opportunity of studying these Archman rocks in detail, under the new 
conditions, fell to Dr. A. C. Lawson, then on the staff of the Canadian Survey, in 
the vicinity of the Lake of the Woods and elsewhere to the west of Lake Superior. 
In that part of the Protaxis, the Laurentian appears to he represented only by the 
Fundamental Gneiss, and the Huronian, by a series to which a local name 
{Keewatin) was appropriately given, ^ but which is now known to differ in no 
essential respect from many other developments of the same system. The 
Huronian stands generally in compressed folds, and along the line of junction the 
gneisses are related to it m the manner of an eruptive, penetrating its mass and 
containing detached fragments from it. The same or very similar relations have 
since been found to occur in many other places. 

Arguing from observations of the kind last mentioned, it was too liastily assumed 
by some geologists that the Laurentian as a whole is essentially igneous, and later 
in date than the Huronian. The conditions are, however, not such as to admit of 
an unqualified belief of this kind, even in regard to the Fundamental Gneiss. We 
may go so far as to assume that these rocks (occupying as they do much the 
larger part of the entire I’rotaxis) constitute a great ‘ batholitic ’ mass of material 
at one time wholly fluent ; but even on this hypothesis some primitive floor must 
have existed upon which the Huronian and the similarly circumstanced Grenville 
Series were laid down, and no such enormous substitution can have obtained as to 
result in the replacement of the whole of this floor by exotic material.- It seems 
much more probable that but limited tracts of the Fundamental Gneiss have 
passed into a fluent condition when at great depths in the earth’s crust, and 
various arguments may be adduced in favour of a belief that the observed lines of 
contact might be tliose along Avhich such fusion would be most likely to occur."* 
Moreover, the Iluronian in many and \videly separated localities is found to con- 
tain water-rounded fragments of syenitic, granitic and gneissic rocks, forming 
conglomerates, which may often bo observed to pass into schists, but still plainly 
indicate that, in these places at least, materials not unlike those of the Funda- 
mental Gneiss and its associates were at the surface and subject to denudation. 
Such materials cannot be regarded as parts of any primeval superficial crust of the 
earth in an original condition. They represent crystalline rocks formed at great 
depths, and under conditions similar, at least, to those under which the Funda- 
mental Gneiss was produced. They imply a great pre-Huronian denudation, and 
show that the Huronian must have been deposited iinconformably either upon the 

* In the Archasan, local names are particularly useful, inasmuch as correlation 
must proceed on lithological and stratigraphical data, more or less uncertain when 
extended to wide areas, even in the case of the older and more homogeneous strata 
of the earth’s crust. 

For analogous phenomena of much later date geologically, see Annual Report 
•Geological Survey of Canada^ 1886, p. 11 B. 

* Hypotheses on this subject are well summarised by Van Hise. Annual Report 
U.S. Geol. Survey, 1894^95, p. 749. 
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Fundamental Gneiss itself, or upon rocks occupying* its position and very similar 
to it in character. There can be no reasonable doubt that the mass of what now 
constitutes the Fundamental Gneiss originally existed as the floor upon which the 
Iluronian was deposited. 

The nanae Archiean has been adopted and employed by the Geological Survey 
of Canada in the sense in which it was introduced (in 1874), and consistently 
maintained by Dana — i.e. to include all rocks below the great hiatus of which 
evidence was first found in the Lake Superior region. The author of the name 
never assented to its restricted application as proposed by Irving and followed by 
Van Ilise and others, and as a synonym for the Fundamental Gneiss or ‘Base- 
ment Complex ’ it is not only unnecessary but is scarcely etymologically correct, if 
wo admit that a part of the ‘Complex’ is of comparatively lalo date. 

We have reached a point at which we may ask what is now our conception of 
these Archiean rocks in Canada, and more particularly in the great Protaxis, as 
resulting from the moat recent investigations of a critical kind. The reply may 
be given briefly from the latest reports of those still at worli on the problems 
involved as follows : — 

The Laurentian comprises (1) the Fundamental Gneiss or Lower Laurentian 
(also referred to as the Ottawa Gneiss or Trembling Mountain Gneiss in older 
lleportfl), and (2) the Grenville Series. An important part of the gneisses of the 
Grenville Scries has been shown by chemical analysis to be identical in composition 
with ordinary Palaeozoic argillites, and they are interhedded with quartzites and 
massive limestones, also evidently of aqueous iJrigin, and in some places abounding in 
graphite. These beds are, however, closely associated with other gneisses in which 
orthoclase largely preponderates that have the composition of igneous rocks. The 
Fundamental Gneiss consists chiefly, if not exclusively, of rocks of the last-named 
class, the gliding or foliation of which, though now generally parallel to that of 
the Grenville Series, has probably been*produced mainly or entirely by movements 
induced by pressure, in a mass originally differing more or less in composition in 
its dillerent parts. The two series are sometimes separable on the ground locally, 
but with difficulty ; in other places they cannot be clearly defined.^ 

The Upper Laurentian, Labradorian, Norian or Anorthosite group, maintained 
for a number of years on the evidence already mentioned, is found to consist 
essentially of intrusive rocks, often foliated by pressure, later in age than the 
Grenville Series, but in all probability pre-Palseozoic. 

The Huronian comprises felspathic sandstone or greywacke more or less 
tiifaceous in origin, quartzites and arkoses passing into quartzose conglomerates 
and breccia conglomerates, often with large fragments of many different varieties 
of granite, syenite, &c., diorite, diabase, limestones, and shales ^)r slates chang- 
ing to phyilites in contact with the numerous associated igneous masses. 
Over wide areas altered greenstones and their associated tuffs preponderate, 
often with micaceous, chloritic, sericitic and other schists, many of which are 
of pyroclastic origin, although some may represent ordinary aqueous deposits, and 
all have been much affected by subsequent dynamic metamorphism. 

The Huronian rocks have not yet been found in distinct relation to those of 
tlie Grenville Series, but are generally in contact with the Fundamental Gneiss, in 
the manner previously alluded to. Where not composed of volcanic material it 
appears to be largely of a littoral character, while the Grenville Series seems 
rather to indicate oceanic conditions. 

jS^o reference has so far been made to the development of Archaean rocks, known 
as the ‘ Hastings Series.’ The rocks thus named occupy considerable tracts to the 
south of the Ottawa Kiver, west of the City of Ottawa. They were originally 
classed by Logan and Murray with the Grenville Series of the Laurentian, although 
Murray soon after insisted on their peculiar features, and they came to be recog- 
nised by the above geographical name during subsequent discussions as to their 
systematic position, by the authors above referred to, and by Hunt, Vennor, and 
Macfarlane. These rocks are particularly alluded to now, because later work 
seems to show that both the Grenville Series and the Huronian are represented in 

* Cf. Adams, Annual Jleport Geological Survey of Canada^ 1896. 
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the district — in so far, at least, as lithological characters may he depended on. 
They include a preponderance of thinly bedded limestones and dolomites, finer in 
grain and usually less altered than those of the typical Grenville Series, associated 
with conglomerates, breccias and slates still retaining complete evidence of their 
clastic origin. 

It is in this Hastings region that careful investigation and mapping are now 
in progress by several members of the (Canadian Survey, with the prospect of 
arriving at definite results respecting the relations of the Grenville Series and the 
Iluronian. It is too early to forecast what these results may be, for the question 
is one which must be approached with an open mind ; but the work already com- 
pleted by Messrs. Adams, Barlow, and Ells, appears to sustain the suggestion tliat 
both series occur, and to indicate that they may there he so intimately connected 
as to render their separation difficult. It must be borne in mind that, although 
the relations of the Grenville Series and those of the recognised Iluronian to the 
Fundamental Gneiss are very similar, they characterise distinct tracts, to which 
the Hastings district is to some extent geographically intermediate, although most 
closely connected in this respect with the Grenville region. 

Reverting to the original classification of the Archaean of the Canadian Survey, 
as developed in the field by liOgan and his assistants, we may now enquire — In 
how far does this agree with the results of later work above outlined? In the 
main, this classification still stands substantially unaltered, as the result of all 
bonest work carefully and skilfully executed must. The nomenclature adopted is 
still applicable, although some of our conceptions in regard to the rocks included 
under it have necessarily undergone more or less change. 

The Laurentian is still appropriately made to include both the Fundamental 
Gneiss and the Grenville Series; although at first both were supposed to represent 
‘ metamorphic’ rocks, it was even then admitted (1855) that these embraced som& 
platonic masses practically inseparable from them. Later investigations have 
increased the importance of such platonic constituents, while at the same time 
demonstrating tlie originally supposed sedimentary origin of the characteristic 
elements of the Grenville Series ; but the admission of so large a pi utonic factor 
necessarily invalidates in great measure the estimates of thickness based upon the 
older reasoning, under which any parallelism of struct ure as accepted as evidence 
of original bedding. 

Whatever views may bo held as to the propriety of including rocks of the twa 
classes under a single name, the necessity of so doing remains, because of the 
practical impossibility of separating them over any considerable area for the pur- 
pose of delineation on the map, No advance in knowledge is marked in substi- 
tuting for Laurentian, with its original concept of a stratified time-series, such a 
name as ‘ Basement Complex.’ It may, indeed, yet prove that the homogeneity of 
the Laurentian is greater tliaii is at present supposed, for a mass of strata 
that included ordinary sediments, arkoses, and contemporaneous volcanic deposits 
of certain kinds, in which tlio arkose and volcanic constituents preponderated in 
the lower beds, might, undm* metamorphism at great depths, produce just sucli a 
combination as that of the Grenville Series and the Fundamental Gneiss, the latter 
representing an aggregate result of the alteration of that part composed chiefly of 
volcanic material or of arkose — in fact, under the conditions assumed, the lower 
mass could not now well exist under any otlier form tlian that actually found in 
the Fundamental Gneiss. In his address at the Nottingham Meeting of this^ 
Association, Teall has clearly pointed out that, in such cases, the chemical test 
must necessarily fail, and that the character and association of the rocks them- 
selves must bo given a greater weight. 

The Huronian proper, under whatever local names it may be classed, still 
remains a readily separable series of rocks, with peculiar characters, and econo« 
mically important because of the occurrence in it of valuable minerals. 

The subsequently outlined Labradorian lias been eliminated as a member of 
the time-series, and the rocks of the so-called ‘ Hastings Group ’ remain yet in a 
doubtful position, but with tho promise that they may afford a clue to the true 
relations of the Grenville Series of the eastern and the Iluronian of the western 
province of the Protaxis. 
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To wliat extent the above subdivisions of the Archaean may be legitimately 
■employed in other parts of the continent, more or less remote from the Protaxis, 
remains largely a question for future investigation. In the southern part of New 
iBrunswick, however, the resemblance of the Archaean to that of the typical region 
is so close that there can be little risk of error in applying the same classificatory 
mames to it. The Fundamental Gneiss is there in contact with a series comprising 
crystalline limestones, quartzites, and gneissic rocks, precisely resembling those of 
the Grenville ISeries. Later than this is a great mass of more or less highly altered 
rocks, chiefly of volcanic origin, comprising felsites, diorites, agglomerates, and 
schists of various kinds, like those of the typical Huronian. The existence of this 
■upper group correlatively with that representing the Grenville Series, constitutes 
an argument, so far as it goes, for the separateness of these two formations in the 
general time-scale. All these Archaean rocks of New Brunswick are distinctly 
iinconformable beneath fossiliferous beds regarded by Matthew as older than 
</ambnan. 

In the Cordilloran region of Canada, again, a terrane is found lying uncon- 
formably beneath the lowest rocks po.ssibly referable to the (Cambrian, evidently 
Archiean, and with a very close general resemblance to the Grenville Series. To 
this the local name Shuswap Senes has been applied, and a thickness of at least 
/),(300 ieet has been determined for it in one locality. It consists of coarsely 
crystalline marbles, sometimes spangled with giaphite and mica, quartzites, 
gneisses, often highly calcareous or quartzose, mica schists, and hornbleiidic 
gneisses. With these is a much greater raass*of gneissic and granitoid rocks, like 
those of the Fundamental Gneiss of the Protaxis, and the reaerablance extends to 
the manner of association of the two terranes, of which, however, the petru- 
graphical details remain to be worked out.* 

While it U true tliat a resemblance in lithological character, like that existing 
between the (.Trenville and Shuswap Series, far remote from each other geographi- 
cally, may mean only that rocks of like composition have been subjected to a 
fiimilar metamorphism, both the series referred to are separated above by an un- 
conformity from the lowest beds of the Paheozoic, and there is thus sullicient 
evidence to indicate at least a probability of their proximate identity in the time- 
scale. In Scotland, an analogous series, and one apparently similarly circumstanced, 
seems to occur in the rocks of Gairloch and Loch Carron.'^ 

Particular attention has been directed throughout to the southern part of the 
continental Protaxis m Canada. In this region it happened that the ArchaBan 
rocks and those resting upon them were originally studied under exceptionally 
favourable condition.'?, for ever since the great revolution which succeeded 
Huronian time, the region is one which has remained almost stable. Selwyn and 
N. II. Wincbell have particularly insi.sted on the importance of the stratigrapbical 
break which here defines the Arcbainn above. It is not everywhere so well marked, 
for in the Appalachian province and in the country to the south of the great lakes, 
in Wisconsin and Michigan, repeated subsequent eartli-movements have flexed and 
‘broken the older strata against the base of the table-land of the Protaxis. It is not 
from these districts, subjected to more recent and frequent disturbance, that the 
ruling facts of an earlier time may be most easily ascertained. Much careful and 
conscientious work ha.s been devoted to them, but it is largely, I believe, because 
of the attempt to apply, for purposes of general classitication, the still unsettled 
and ever-changing hypotheses derived from such more complicated tracts that so 
much confusion has been introduced in regard to the Arcliman and early Palaeozoic 
rocks. 

If the unconformity closing Archaean time in the vicinity of the Great Lakes 
had been observed only in that region, it might he regarded as a relatively local 
phenomenon ; but subsequent observations, and more particularly those of the last 
few years, due to Bell, McConnell, Tyrrell, and Low, show that rocks evidently- 
representing the Animikie and Keweenawan, and practically identical with those 

’ Cf. Annual Report Geol. Sur. Can., 1888-89, p. 29 B. 

* Cf. Geikie, Ancient Volcanoes oj Great Britain, vol. i. p. 115. 
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of Lake Superior in general lithological character, recur in many places almost 
throughout the whole vast area of the Protaxis, on both sides of Hudson Bay, and 
northward to the Arctic Ocean, resting upon the Archaean rocks always in com- 
plete discordance, and lying generally at low angles of inclination, although often-, 
affected by great faults.” The surface upon which these rocks have been deposited 
is that of a denudation-plane of flowing outline, not diflering in any essential 
respect from that characterising parts of the same great plateau where there is no 
evidence to show that any deposition of strata has occurred since Archaean time.. 
Mr. Low, indeed, finds reason to believe tliat even the great valleys by which the 
Archaean plateau of Labrador is trenched had been cut out before the general 
subsidence which enabled the laying down of Animikie rocks upon this plateau to 
begin. The area over which these observations extend, thus in itself enables- 
us to affirm that the unconformity existing between the Animikie or Keweenawan 
(as the case may he) and the Archaean is of the first order.* It may be compared 
with that now known to occur between the Torridonian of Scotland and the under- 
lying rocks there, and is evidenced by similar facts. 

If the structural aspects of the Archaean rocks of the Protaxis are considered,. 
the importance of this gap becomes still more apparent. We find long bands of 
strata referable to the Huronian and Grenville Series, occupying synclinal troughs, 
more or less parallel to each other and to the foliation of the Fundamental Gneiss, 
the strata, as well as the foliation, being in most cases at high angles, vertical, or 
even reversed. This structure is precisely that which would be discovered if a 
great mountain system, like that of the Alps, were to be truncated on a piano 
sufficiently low. Analogy thus leads to the belief that the Protaxis was originally,, 
as Dana has suggested, a region of Appalachian folding, differing only from 
more modern examples of mountain regions of the same kind in its excessive width,, 
which is so great as to render it difficult to conceive that crustal movements ot 
sufficient magnitude to produce it could have occurred at any one period. It is 
thus, perhaps, more probable that successive and nearly parallel flexures of the 
kind, separated by long intervals of rest, piled range upon range against the central 
mass of the protaxial buttress subsequent to the Huronian period. In any case, 
the rugged mountain region brought into existence when the corrugation still 
evidenced by its remaining base occurred, w’as subsequently reduced by denudation 
to the condition of an undulating table-land such as has been named a * peneplain * 
by W. M. Davis — a surface approximating to a base-level of erosion. All this was 
accomplished after the close of the Huronian period, and before that time at which 
the first beds of the Animikie were laid down correlatively with a great subsidence. 
It would be difficult to deny that the time thus occupied may not have been equal 
in duration to that represented by the whole of the Paheozoic. 

If we approach this ruling unconformity from above, in the region of the 
Protaxis, we find the Animikie and Keweenawan rocks uucrystalline, except when, 
of volcanic origin, and resembling in tlieir aspect the older Paheozoic sediments,, 
but practically without characteristic organic remains, so far as known. In order 
to brintr ourselves into relation with the ascertained paleontological sequence, it ia 
necessary to go further afield, and in so doing we lose touch, more or less com- 
pletely, with the stable conditions of the Archean platform, and are forced to 
apply indirectly such facts as it may be possible to ascertain in regions which 
have suffered more recent and complicated disturbance. It is thus not surprising 
that the taxonomic position of the Animikie and Keweenawan have been the sub- 
ject of much controversy. It is not germane to the present discussion to enter at 
any length into this question, nor into the value of the unconformity which appears 
to exist between these two series. They have been classed collectively by Selwyii, 
N. H. Wincbel), and others as Lower Cambrian, and are provisionally mapped as 
such by the Canadian Survey. It is believed to be more in accordance with the^ 
general principles of geological induction to refer these rocks above the great 
unconformity to the Cambrian, for the time being at least, than to unite them 
with the Huronian under any general term, or to erect a new system in which to 
place them. In so doing it has been assumed that the Cambrian is the lowest 

> Cf. Sehvyn, Science, FeK 0, 1883, 
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system of the Palfeozoic, but of late years the position has been taken by g-ood 
authorities that the true base of the Cambrian is to be found at the Olenellm 
zone ; ard while it appears very probable that, when fossils are found in the 
Animikie, they may be referable to this zone, the adoption of such an apparently 
arbitrary line certainly, for the time, must be considered as placing- the Cambrian 
reference of the beds in question in doubt; but it does not interfere witli a belief 
that if they should be found to be lower than Cambrian as thus defined, they may 
at least be considered as still in all probability Palfeozoic. 

The definition of the horizon of OlenelluR as that of the base of the Cambrian 
is a question almovst entirely paheontological, into which it is not proposed here 
to enter, further than to point out that it is only partially justified by what is 
known of North American geology. In the Atlantic province, and in the 
Appalachian region, there appears to be a very general physical break at about 
this stage, which it seems likely may correspond with the great unconformity at 
the base of the Animikie ; but in the Rocky Mountain or Cordilleran region the 
Olenellusi zone has been found high up in a series of conformable and similar sedi- 
ments, coinciding with no break, and from these lower sediments some organic 
forms have been already recovered, but not such as to indicate any great diversity 
in fauna from that of the recognised Cambrian. Similarly, in one part of eastern 
Canada, Matthew has lately described a fauna contained in what he names the 
Etcheminian group, regarded by him as earlier than the Olenellus zone, but still 
Palfeozoic. Recent discoveries of a like kind have been made in other parts of 
the world, as in the Salt Range of India. Th«se facts have only last year been 
particularly referred to by Mr. Marr in his address to the Section. 

The general tendency of our advance in knowledge appears, in fact, to be in t he 
^direction of extending the range of the l^ilacozoic downward, whether under the 
old name Cambrian, or under some other name applied to a new system defined, 
or likely to be defined, by a characteristic fauna ; and under Cambrian or such new 
•system, if it be admitted, it is altogether probable that the Animikie and Kewee- 
nawan rocks must eventually be included. 

In other words, the somewhat arbitrary and artificial definition of the OlenoUvs^ 
zone as the base of the Cambrian, seems to be not only not of world-wide appli- 
•oation, but not even of general applicability to North America ; while, as a base 
for the Palseozoic iKon, it is of still more doubtful value. In the Cambrian period, 
as well as in ranch later geological times, the American continent does not admit of 
treatment as a single province, but is to be regarded rather as a continental barrier 
between two great oceanic depressions, each more or less completely different and 
self-contained in conditions and history -that of the Atlantic and that of the 
Pacific. On the Atlantic side the OleneUus zone is a fairly well-marked base for 
the Cambrian ; on that of the Pacific it is found naturally to succeed a great 
consecutive and conformable series of sediments, of which the more ancient 
fauna is now only beginning to be known. 

In thus rapidly tracing out what appears to me to be tlie leading thread of the 
history of the pre-Cambrian rocks of Canada, and in endeavouring to indicate the 
present condition of their classification, and to vindicate the substantial accuracy of 
the successive steps taken in its elaboration, many names and alternative systems 
of arrangement proposed at different times, by more or less competent authorities, 
have been passed without mention. This has been done either because such 
names and classifications appear now to be unnecessary or unfounded, or because 
they relate to more or less local subdivisions of the ruling systems which it is not 
possible to consider in so brief a review. This has been particularly the case in 
regard to the much-disputed region to th© south of Lake Superior, out of which, 
however, after some decades of complicated and warring nomenclature, a classi- 
fication, trending back substantially to that -originally established and here 
advocated, is being evolved (albeit under strange names) by the close and skilful 
stratigrapbical work in progress there. 

It has also been my object, in so far as possible, by omitting special referenoe 
to divergent views, to avoid a controversial attitude, particularly in respect to 
matters which are still in the arena of active discussion, and in regard to which 
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many points remain admittedly subject to modification or cliang^e of statement. 
But in conclusion^ and from the point of view of Canadian f^eology, it is necessary 
to refer — even at the risk of appearing controversial — to the comparatively recent 
attempt to introduce an ^ Algonkian System,’ under which it is proposed to include 
all recognisable feedimentarj’^ formations below the Olenellus zone, assumed for this 
purpose to be the base of the Cambrian. If in what has already been said I have 
been able correctly to represent the main facts of the case — and it has been my 
endeavour to do so — it must be obvious that the adoption of such a ‘system ’ is a 
retrograde step, wholly opposed, not only to the historical basis of progress in 
classification, but also to the natural conditions upon which any taxonomic scheme 
should he based. It not only detaches from the Pahcozoic great masses of con- 
formable and fossiliferous strata beneath an arbitrary plane, but it unites these, 
under a common systematic name, with other vast series of rocks, now generally 
in a crystalline condition, and includes, as a mere interlude, what, in the region 
of the Protaxis at least, is one of the greatest gaps known to geological history. 
In this region it is made to contain the Kewoenawan, the Animikie, the Iluronian, 
and the Grenville Series, and that without in the least degree removing the diffi- 
culty found in defining the base of the last-mentioned series. It thus practically 
expunges -the result of much good work, conducted along legitimate lines of 
advance during many previous years, with only the more than doubtful advantage 
of enabling the grouping together of many widely separated terraues in other dis- 
tricts where the relations have not been even proximately ascertained. It is in 
effect, to my mind, to constitute for geology what was known to the scholastic! 
theologians of a f >rmer age as a limho^ appropriate as the abode of unjndged souls 
and unbaptized infants, that might well in this case be characterised as ‘ a limbo 
large and broad.’ 

It is not intended to deny that there may be ample room for tlio introduction 
of a new system, or perhaps, indeed, of an entire Geological ^h]on, between the 
Huronian, as wr know it in Canada, and the lowest beds which may reasonably bo 
considered as attaehing to the Cambrian, or even to the Palmozoic as a whole. 
On the contrary, what has already been said will, I think, show that in the region 
of the Protnxi> we might very reasonably speak of an‘ Algonkian hiatus,’ if we 
elect so to call it. Elsewhere it will undoubtedly be possible, sooner or later, to 
designate series of rocks laid down during the time represented only by orogenie 
movements and vast denudation in the province here more particulariy referred 
to, but before any general systematic name is applied to such terranes they 
should be defined, and that in such a way as to exclude systems already established 
as the result of honest work. 

It seems very likely, for instance, that the Grand Canon Series, as last delimited 
by Walcott, separated by unconformities from the Tonto Cambrian above and the 
probably Arciuean rocks below, may be referable to such an intermediate system ; 
but here it may be noted, in passing, that the attempt to apply the new term 
* Algonkian ’ in this particular Western region, has led to the inclusion under that 
name of a great unconformity below the Grand Canon Series, much resembling 
the post-Huronian break in the Lake Superior district. 

For such unclassed rocks, wholly or in large part of sedimentary origin, the 
Canadian Survey has simply employed the term pre-Camhriaii, in\olving for certain 
regions a frank confession of ignorance beyond a certain point. Indefinite as such 
a term is, it is believed to be more philosophical than to make an appearance of 
Imowledge not borne out in fact, by the application of any systematic name not 
properly defined. 

Although it would be unsuitable, at the close of this address, to introduce the 
old controversy respecting the Cambrian and Silurian, it may be noted that the 
ethical conceptions and many of the principles involved in that discussion still 
apply with undiminished value, and much of its literature may be re-read to-day 
with advantage. More particularly I would allude to Sedgwick’s inimitable and 
now classic introduction to McCoy’s ‘Palaeozoic Fossils,’ one passage in which, 
paraphrased only by the change of names involved in that and in the present dis- 
cussion, may be read as follows : — Est Jupiter quodcxmque tides ” was once said 
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by Dean Conybeare in mockery of the old despotic rule of the name Grey wack6. A 
golden age of truth and reason, and slow but secure inductive logic, seemed to 
follow, but the jovial days of a new dynasty are to spring up, it seems, under a 
new name not less despotic than the one which had ruled betore it. If all the 
[sedimentary] rocks below the {Olenellus zone] are to pass under one name, let us 
cling to the venerable name Greywack4. It can do no mischief while it describes 
things indefinite, simply because it is without meaning. But the name [Algonkian], 
if used in the same extended sense, is pregnant with mischief. It savours of a 
history that is fabulous ; it leads us back to a false type ; it unites together as one 
systems that nature has put asunder.’ 


The following Papers and Reports were read : — 

1. Some Typical Sections in Sonth-westrrn Nova Scotia. 

By L. W. Bailey, Ph,D.^ University of Neio Brunswick, 

The sections figured and described in this paper are intended to represent, in 
summary form, the results of recent investigations, made under the direction of 
the Geological Survey of Canada, into tlie geological structure of South-western 
Nova Scotia. 

They are five in number, the first being in Queen’s County, along the course of 
the Port Medway River, showing the succession and foldings of the C’ambrian 
rocks in their ordinary form, together with *their relations to the great granite 
axis of the Province, and the occurrence of auriferous deposits. The second is in 
Yarmouth County, exhibiting the rocks of the same system in a more meta- 
morphosed condition, aud showing also that the rocks about the city of Yarmoutli, 
formerly regarded as Archeean, are also a portion of the Cambrian system. The 
third section is in Digby County, exhibiting the parallelism of the Canibrian suc- 
cession north of the granite axis, with the same on its southern side. A fourth 
section, in Annapolis 0'»unty, illustrates the relation to the Cambrian rocks, and to 
the granite, of the fossiliferous and iron-bearing Eo-])evonian rocks of Bear River, 
Nictau, and Torbrook. A fifth section may also be given, showing the structure 
and relations of the stratified and igneous rocks, usually regarded as Triassic, of 
the Annapolis Valley. 

All the sections are diagrammatic, hut baaed on actual surveys. 


2. Problems in Quebec Geology. 

By R. W. Ells, LL.D.^ F.E.S.C., of the Geograph ical Survey (f Canada, 

This paper is a brief review of the geological work done in the province of 
Quebec since the appearance of Dr. Bigsby’s first paper on the geology of the 
province in 1827. It contains a short statement of the conclusions arrived at from 
time to time by the various workers in this field regarding the structure of the 
rock formations east of the St. Lawrence, as well as of the Laurentian complex to 
the north of that river. A summary of the latest views reached from the detailed 
study of these areas during the last fifteen years, which has appeared in the last 
volume of the Geological Survey’s report, is also presented. 

In regard to the structure of the older crystallines north of the St. Lawrence 
and Ottawa Rivers, it may be said that the opinion once held, that these rocks 
were originally of sedimentary origin, has now been greatly modified. The 
Laurentian rocks of Logan are now divided into two great groups. Of these, the 
lower is essentially a gneiss formation, and may be styled, for the sake of distinction, 
the Fundamental Gneiss. This is clearly older in point of time than the series of 
crystalline limestones, quartzose grey gneisses, and quartzite with which they are 
often 80 intimately associated as to render the determination of their true relations 
in the field difficult, but which at other points are clearly situated above the lower 
gneiss formation. 
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These newer gneisses and limestones which have been stj^led by Logan the 
‘ Grenville Series ’ are, without doubt, Ibr the most part of sedimentary origin, 
though they are invaded in all directions by masses of granite, greenstone, and 
other forms of igneous rock. As for the Fundamental Gneiss, also once supposed 

be largely of sedimentary origin, it his been very conclusively dt^monstratt d, 
chiefly through the agency of the microscope, that this is for the most part at h'ast 
an altered igneous rock, and that the supposed bedding planes owe their existen<’e 
to other causes than those of sedimentation. 

The original upper Laurentian division, which included the great area of ti-e 
Anorthosite rocks, also supposed at one time to represent altered sedim^uitary 
deposits, has been removed from tlie po.-ition it once occupied, since it has been 
proved, both by the evidence in the field and in the laboratory, to be of igneous 
origin and subsequent to the deposition of the limestone and quartzite series wirli 
which it is associated, so that tlie Grenville Series, according to the earlier view as 
to the succession of strata, may now bo taken to represent the upper portion of the 
Laurentian system. 

It may also be assumed to represent the lowest division of the clastic or . edi- 
mentary rocks in Canada. The relations of these to the rocks which have ht'eii 
styled the ‘Hastings Series’ in Ontario are such that they may, in part at hast, 
bo regarded as portions of the same scries which have been described in ditlerent 
»ortiona of the field under diflerent names; hut whether tliese be regarded as 
nelouging to the Laurentian or Iliironian systems is of small moment so long as 
their true relationship to each other and to the underlying Fundamental Gneiss is 
clearly understood. 

To the east of the St. Lawrence the old dispute as to the age of the fossiliferous 
rocks near the city of Quebec, as well as of their relations to the crystalline schists 
of the mountain area in the interior of the province, may now bo considered as 
satisfactorily settled. The former hypothesis by which the crystalline schists were 
regarded as the equivalents, in point of time, of the fo.ssiliferous sediments of the 
St. Lawrence Valley has been clearly shown to be unfounded, and the achisrs of 
the Sutton Mountain area are now assigned to the Ilnronian system, or are at 
least beneath the lowest Cambrian of tlie district. The relative position of the 
several divisions of the fossiliferous Quebec group has also been ascertained, and 
it is now established that the Sillery division is situated stratigraphically benearh 
the l.j4vis, instead of being, as wa^^ at one time supposed, above it. As regards the 
age of the several divisions of tlie Quebec group (fossiliferous) it may be said that 
the L^vis is the apparent equivalent of the Calciferous formation, and that in its 
upper portion it approaches the Chazy ; while the upper portion of the Sillery is 
the apparent equivalent of the Potsdam Sandstone formation. Between the Upper 
Sillery and the great mass of the rocks which have been referred to this division, 
there is a fault of considerable magnitude, so that the lower portion of the Sillery 
presumably includes rocks which have been eLowhere classed as Cambrian, and 
these may extend as low as the Paradoxides zone or division of that system. 

The areas of black slate and lime.stono, which, in the General lleport for 1863, 
were regarded as beneath the crystalline schists, and referable to the l\itsdain 
formation, have been determined, on the evidence of the contained fossils, to be 
much newer, and to be in fact the equivalents of the lower portion of the Trenton 
formation ; and to this horizon may also now bo assigned the greater portion of 
the strata in the city of Quebec. Here, however, there are a number of anti- 
clinal folds, and the presence of certain fossils, similar to those obtained from 
the I.<6via beds, indicates that along some of these folds beds of that horizon may 
be found. The same age may be assigned to the great extension of the black slates 
and limestones which occur at intervals along the south shore of the St. Lawrence, 
nearly to the extremity of the GasptS Peninsula, and which appear to dip beneath 
the strata of the Sillery formation at many points. 

In regard to the use of the term Potsdam a distinction must now be made be- 
tween the Potsdam formation and the Potsdam Sandstone. The latter has been 
clearly proved in Canada to be the lower portion of the Calciferous formation, and 
is not separable from it, while there is a manifest break between this and the 

1897. T T 
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lower beds, or tbe Cambrian proper. The term Potsdam formation in Canadian 
geology was a comprehensive one like the term Cambrian, and like it included all 
between the Calciferoua formation and the Huronian. The indiscriminate use of 
the terms has led to much confusion, and as the divisions of the Cambrian have 
now been properly determined the expression Potsdam formation has practically 
no meaning in Canadian geology. 


3. Report on Life- Zones in the British Carboniferous Rocks. 
See Heports, p. 296. 


4. The Stratigraphic Succession in Jamaica. 

By Robert T. Hill, Geologist^ United States Geological Survey.^ 

This paper gives results of a series of stratigra})liic, petrographic, and topo- 
graphic studies made in the island in the years l89o, 1896, and 1897, under llit? 
auspices of Professor Alexander Agassiz, for the purpose of determining a typical 
West Indian section which would serve as a basis for comparison witli the other 
West Indian localities. 

The work of the olficera of the British Survey and other previous observers was 
taken as a basis and advanced by critical studies and correlations of other typo 
localities, and by observations upon the ne^V exposures revealed in tbe recent 
highway and railway improvements. A new classification and nomenclature of 
the rocks is proposed, and the sequence of the geologic events in Jamaica history 
is outlined and interpreted. Petrographic data by Cross and palaeontologic deter- 
juinatiens hy Agassiz, Dali, Vaughan, and others are incorporated in the paper. 


5. Preliminary Notice of some Experiments on the Flow of Rocks. 
Frank D. Adams and John T. Nicolson, McGill University^ Montreal. 

These experiments aim at ascertaining whether it is possible, by subjecting 
rocks artificially to pressure under the conditions wbicli obtain in tlie deeper parts 
of the earth’s crust, to produce in them the deformation and cataclastic structures 
exhibited hy the folded rocks of the interior of mountain ranges or of the older 
formations of the earth. 

Three factors contribute toward bringing about the conditions to which rocks 
are subjected in the deeper parts of the earth’s crust: (1) Great pressure from 
c'ivery direction; (2) high temperatures; (3) action of percolating waters. In tho 
present experiments the attempt has been made to reproduce only the first of these- 
conditions, in subsequent experiments the endeavour will be made to reproduce all 
three of them. 

The experiments have been made chiefly with pure Carrara marble. Columns- 
of the marble 2 centimetres, and 2^ centimetres in diameter, and about 4 centi- 
metres in length, were very accurately turned and polished. Heavy wrought iron 
tubes were then made, imitating the plan adopted in the construction of ordnance^ 
by rolling long strips of Swedish iron around a bar of soft wrouglit iron and 
welding the strins to the bar as they were rolled around it. The core of soft iron 
composing the bar was then drilled out, leaving a tube of welded Swedish iron 
(j millimetres thick, so constructed that the fibres of the iron run around the tube 
instead of being parallel to its length. This tube was then very accurately fitted 
on to the column of marble. This was accomplished by giving a very slight taper 
to both the column and the interior of the tube, and so arranging it that the 
marble would pass only about halfway into the tube when cold. The tube was. 

’ By permission of Professor Agassiz, under whose auspices the researches were 
made. 
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then expanded by heatinj^, so as to allow tho marble to pass completely into it, and 
leave about 3 centimetres of the tube free at either end. On allowinj^ the tube to 
cool a perfect contact between the iron and marble was obtained, and it was no 
longer possible to withdraw the latter. Any very slight failure to lit at any point, 
if such a failure existed in any case, was rendered harmless by the fact that under a 
comparatively low pressure the limestone is found to be sufficiently elastic not only 
to till up any such minute space, but even to stretch the tube, and, on the pressure 
being relieved, to contract again to its original form, so that it will drop out of 
the tube which has been thus enlarged. Into either end of the tube conttaining 
the small column an accurately fitting sliding steel plug was inserted, and by 
means of these the marble was submitted to a pressure far above that which would 
be sufficient to crush it if not so inclosed. The machine employed in obtaining 
the pressure was so arranged that the pressure might be maintained for weeks, or 
even months, if required. Under these circumstances the conditions of pressure to 
which the marble is subjected are those in the ^ zone of ffow ’ of tho earth’s 
crust — those, namely, of a pressure above that of its elastic limit, while 
yet unable to break in tlio ordinary manner owing to the tube which confines 
it having a still higher elastic limit. Under the pressure, which was applied 
gradually and in some cases continued for several weeks, the tube was found to 
slowly bulge until a very marked enlargement of the portion surrounding the 
marble had taken place. The tube was then cut through longitudinally by means 
of a milling machine along two lines opposite one another. 

The marble within, liowever, was still firm, and held tho respective sides of the 
iron tube, now completely separated, so tightly together that it was impossihhi 
without mechanical aids to (ear these apart. By means of a wedge, however, they 
could be separated, splitting the marble through longitudinally. The column in 
one experiment was reduced from 40 millimetres to 21 millimetres in height. The 
deformed marble differs from the original rock in having a dead white colour, the 
glistening cleavage faces of calcite being no longer visible, and although not so 
bard as the original rock, it is still firm and compact, and especially so when its 
deSormation has been carried out very slowly. No accurate measurements as to 
its strength have yet been made, hut it will withstand a sharp blow, and fragments 
of it, weighing 10 grams, have been allowed to fall through a height of over 
2^ metres (8 feet) on to a wooden platform, from which it rebounded without 
breaking. Thin sections of the deformed marble, when examined under the micro- 
scope, show that the calcite individuals composing the rock have in many cases 
been twisted and flattened, and in the majority of cases a very fine polysynthetic 
pressure-twinning has been induced in them, with movement along gliding planes, 
as well as several other structures seen in nature in highly deformed rocks. 

The experiments therefore show that limestone, even when dry and at ordinary 
temperatures, does possess a certain degree of plasticity, and can be made to 
* flow,’ the movements set up developing many structures which are characteristic 
of rocks which have been squeezed or folded in the deeper portions of our earth’s 
crust. 

6 . The Former Extension of the Appalachians across Mississlpjn, Louis- 
iana^ and Texas. * Ihj J oiin C. Branner, Ph.D., Professor of Geology ^ 
Stanford U niversity. 

I. The Ouacliita anticline is the structural equivalent of the Cincinnati- 
Nasliville arch: this fold continues westward through tho Arhuckle Mountains in 
Indian Territory and to the Wichita Mountains in Southern Oklahoma Territory, 

II. The Coal Measures drainage of the Illinois-Indiana-Kentucky basin flowed 
westward through the Arkansas valley into a Carboniferous mediterranean sea. 

III. The drainage of the Coal Measures region south of the Ouachita anticline 
flowed westward, and entered this sea north of the Texas pre-Oambrian area. 

> Published in exteriso in the American Journal of Science November 1807, 
iv 357-371. 
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IV. The drainage of both the Arkansas and Texas Carboniferous areas was 
reversed about the end of Jurassic times, when orographic movements over South- 
east Arkansas, Eastern Texas, Louisiana, and Mississippi submerged the former 
extension of the Appalachian watershed, and admitted the early Cretaceous sea 
across the Palfeozoic land as far north as Southern Illinois. 

V. This depression was not a deep one (Ililgard^) and did not all occur at one 
time, for there have been subsequent disturbances of a more or less similar nature 
in the same region. 

VI. The evidences of this depressions are — 

1. The reversed drainage of the Arkansas valley. 

2. The reversed drainage over the Carboniferous area of Central Texas. 

3. The submerged eastern end of the Ouachita uplift of Arkansas. 

4. The eastern slope of the peneplain of the Ouachita region. 

5. The direction of the faults and folds near the eastern exposure of the Lower 
Coal Measures in Arkansas. 

6. The great fault through Texas near the Tertiary border having a down-throw 
of 1,000 to 1,500 feet on the south and east side. 

7. Eruptive rocks accompanying the Texas fault and the Tertiary border 
through that State and Arkansas to the Arkansas River. 

8. Hot springs near the same line. 

0. Eaults in Alabama with a down-throw of 10,000 feet or more on the north- 
west side. 

10. The thickness of the Cretaceous and TeHiary sediments over the depressed 
area — from 4,000 to 10,000 feet. 

VII. The south-western or Central Texas end of the Appalachian land areas was 
formerly covered by Cretaceous sediments, but it has since been uncovered by 
erosion ; further east it is still concealed. 

V^III. The Carboniferous beds uncovered in Texas all belong to the Upper 
Coal Measures, except at the edge of the synclinal trough ; it is inferred that a 
i^reater thickness is still covered. 

IX. The character of both the Silurian and Lower Coal Measures sediments of 
the Ouachita uplift show that they came from the south, so that the land area 
must have been in that direction during PaUcozoic times. 

X. The sea occasionally invaded both the Arkansas and Texas synclinal troughs 
during Coal Measures times, but coal-forming conditions obtained in the Texas 
syncline later than in the Arkansas basin. 

XI. The Tertiary depression was probably more marked on the Arkansas than 
Dn the Tennessee side of the embay ment ; this is suggested by the Cretaceous 
border being concealed by thin Tertiary deposits in Arkansas, while in Tennessee, 
Mississippi, and Alabama it is exposed in a broad belt. 

7. Report on the Investigation of a Coral Reej, See Reports, p. 297. 


FRIDAY, AVGUST 20. 

The following Papers were read : — 

1. A Group of Hypotheses hearing on Climatic ChangesJ^ 

By T. C. Chamberlin, Professor of Geology in the University of Chicago. 

A computation of the several constituents of the atmosphere and of the rate at 
«rhich they are being consumed in the alteration of the surface rocks indicates that 
n a comparatively few thousand years the carbonic acid of the air will be exhausted 
f there is no compensating source of re-supply. The ocean contains about 18 times 

Amer. Jour. Sci , 1874, vol. cii. p. 394. Jour, of Qeol, (Chicago), vol. v, p. 653. 



TRANSACTIONS OF SECTION C, 


615 


as much carbonic acid as the air, but even if this were all available the main- 
tenance of conditions congenial to life would still be geologically short. A broad 
comparison between the atmospheres of the palaeozoic and the cainozoic times fails 
to give clear proof of radical differences. The magnolia flora in North Greenland 
in tertiary times indicates scarcely less wide distribution of warm climate than the 
life of the same region in palaeozoic times. The glaciation of India, Australia, and 
South Africa at the close of the palaeozoic era is even more marvellous than that at 
the close of the more recent era. The salt deposits of middle latitudes, especially 
of Michigan and New York, imply as great aridity as wo find at any time since. 
'Ilie early life does not give clear proof of more carbonic acid in the air than the 
later life. The lardiness of land life may be accounted for otherwise. 

But the amount of carbonic acid taken from the air by carbon-bearing deposits 
is estimated variously at 1:2,000 to 160,000 times tliat now in the air. At least 
8,000 or 10,000 times the present amount of carbonic acid has quite certainly 
been taken out since air-breathing life began. This forces the question whether all 
this carbonic acid, or any major part of it, was ever in the air at any one time. 
The alternative is to suppose the air to have been led as well as robbed during 
all the geological ages. The current view of a former vast, dense, hot and moist 
atmosphere has, however, been derived more from theories of the earth’s origin 
and primitive state than from computation of the material removed from it. The 
belief in the gaseous origin of the earth naturally carries with it the doctrine of a 
primitive hot atmosphere. The belief in a molten condition naturally led also to 
the view that the ocean was once all in the atmosphere. This does not, however, 
rigorously follow. Much of the ocean may have been accumulated since, but I 
venture to question both the primitive molten state and the inferences drawn from 
it. There is still some ground to doubt the nebular hypothesis, and to entertain 
some phase of the meteoroidal hypothesis, but even if the nebular theory he 
followed as far as the separation of the earth-moon ring, a molten state of the 
earth may not necessarily follow. The vast size, the tenuity and the high tempera- 
ture of the supposed gaseous ring suggest its speedy cooling to the form of a ring 
of discrete solid particles like the rings of Saturn. Moreover, a study of the 
velocity of the gaseous molecules and the limitations of the power of celestial 
bodies to hold tliem, makes it extremely doubtful whether such a ring could 
control its own hot gases Tlie same line of study even makes it doubtful whether 
a molten earth could hold to itself a vast vaporous atmosphere such as the ocean 
would form. The great velocity of tlie gaseous molecules at the temperature of 
a molten earth, and the reduction in the influence of gravity by the high centri- 
fugal force, combine to render the case a somewhat critical one. 

If the matter of the supposed earth-moon ring became cooled to solid particles 
while in the ring form, or if the earth were formed by tlie collision of meteoroidal 
matter, the temperature of the surface of the earth at any given time would depend 
on the rate and violence of the infall. A cold earth is theoretically as possible as 
a hot one. Beasons may be assigned why the temperature was likely to be low. 

A sketch was given of the hypothetical growth of the earth by the ingathering 
of the solid particles of the supposed earth-moon ring, in the course ofAvhich it 
was shown that the peculiar constitution of such a body, when it reached the size 
of the moon, would be favourable to explosive eruptions and liable to give rise to 
craters like those of the moon. The internal heat necessary would come from the 
self-condensation of the growing globe. Computations were cited to show that 
this was adequate. The gases and vapours involved were attributed to atmospheric 
material carried in by the ingathering particles. When the mass reached a size 
large enough to hold an atmosphere, this size being probably about that of Mer- 
cury, or a little larger, it would pick up atmosphere from without and would hold 
the gases and vapours emanating from within, and thus the atmosphere as an 
envelope would begin. As soon as it acquired sufiicient extent to retain the heat 
of the sun, the modern phase of the history of the earth would begin, and in time 
the conditions for the presence of life would be reached. This makes the intro- 
duction of life possible at a very much earlier stage than the current hypotheses, and 
gives ample time for the most strenuous demands of theoretical biology. The 
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sbrinkap:e of the earth gradually, owing to its own gravity, would give a sufficient 
amount of contraction to explain not only the phenomena of mountains and arch jean 
crumplings, but of plateaux, continents, and ocean basins. Computation shows that 
the internal heat generated by the time tlie earth reached its maturity would be 
ample to ex])]ain the present internal heat, and account for much loss during 
geological ages. 

This is a departure from tlie common view of the history of the atmosphere in 
supposing It to begin as a tenuous envelope, and be subject both to'enrichmeut and 
depletion during all its subsequent hi&tor}^ The supply from within is very imper- 
fectly liiiovvn. 1 he air and ocean together are only about ono-fiftieth of 1 per cent, 
of the earth’s mass. The increase of the atmosphere from without is almost wholly 
a matter ol conjecture". 

The emanations Irom within w'ould doubtless he more abundant at times of 
igneous extravasation and of the disruption of the crust tliaii at other times, so 
that the supplies to the atmosphere would vary according as the average of these 
conditions vaned. ^J’he impoveri.^hment of the atmosphere, particularly in respect 
to its carbonic acid, was probably dependent very largely upon topographic states. 
When the land was elevated the underground water-h'vel was relatively deep beneath 
the surface, and the penetration of aerated waters below was also decj), and the 
alteration of the rocks went on relatively rapidly. When the land was depressed 
or cut down to an approximate base-level the underground water surface was 
shallow, and the penetration of aerated waters below that was also shallow, and 
the change of the rocks was slow. Whenevt^r, Therefore, the land on an average 
stood high, the impoverishment of the atmosphere went on rapidly ; xvlienever it 
was low, slowly. Combining this with the irregularities of supply, it appears 
that enrichment and impoverishment would generally run together and give, on 
the whole, a somew’hat uniform atmosphere *, but in the nature of the case the two 
were not strictly concurrent, and as a result at times there was enrichment, and at 
times depletion of the atmosphere. From these it is held that great climatic 
changes would ari.se. Scantiness of carlionic acid would be correlated with cold 
temperatures, as maintained by Tyndall and others. The great periods of cold 
temperature should therefore follow at some di.stanco the great periods of elevation 
of the crust of the earth. The recent great glaciation followed at a notable in- 
terval the great uplifts of the tertiary era. The great olaciaiion of India, Aus- 
tralia, and South Africa came at about the time of the groat disturbances closing 
the palaeozoic era, but the precise relation cannot be positively stated. There 
seem to be other coriespondences betw^een the laws here laid down and the great 
climatic episodes of past geologic times. 

Another source of atmospheric loss arises from the removal of caibonic acid by 
plants, and the failure of this to be returned by decay or th(^ action of animals. 
It is estimated that the present annual growth of vegetation is sufficient to con- 
sume all the carbonic acid in the air in one hundred years if theu’e were no return. 
It is helic\ed that cold temperature would check the decay of vegetation and ])re- 
vent, in part, the return of the carbon to the" atmosphere, and this would tend to 
impoverish it, 

Tyndall suggested, fifty years ago, that the glacial periods might be due to 
scantiness of carbonic acid in the atmosphere. Dr. Arrhenius has recently made 
elaborate computations on the subject, and has reached the conclusion that the 
removal of from 38 to 46 per cent, of the carbonic acid would bring on such a 
glaciation as occurred in the ice age, and that an increase of two and a half to three 
times the present carbonic acid would bring on a mild temperature, like that of 
tertiary times. This view leaves the oscillations of the glaciation to be accounted 
for. It is suggested tliat a rhythmical movement iii the feeding and robbing of the 
atmosphere would lesult from the action of the ocean and of the organic cycle. 
The ocean, when cold, absorbs more carbonic acid than when warm, and hence, 
instead of coming to the rescue of the atmosphere wlien robbed of its carbon 
dioxide by the rocks, it was disposed to hold its carbonic acid, and perhaps even 
turn robber itself. At the same time, the vegetation was less subject to decay, 
and a smaller part of the carbon was returned to the air. liy the combination of 
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these agencies the impoverishment of the atmosphere was hastened, and the epoch 
of cold precipitated. 

But when glaciation spread over the crystalline areas whose alterations were 
the chief source of depletion, the abstraction of the carbonic acid was checked, and 
if the supply continued, the re-enrichment would begin and warmth return. With 
returning warmth the ocean would give up its carbonic acid more freely, and tbo 
accumulated vegetable matter would decay, adding its contribution of carbonic 
acid and accelerating the re-enrichment of tho atmosphere. But when again tlio 
ice disappeared and the crystalline areas were exposed to alterations tho depletion 
would be renewed, and so the rhytlimieal movement would continue until the land 
was lowered or the general conditions changed. 


2. Distribution and Succession of the Pleistocene Ice Sheets of Northern 
United States. Dy T. C. Ciiambeklin, Professor of Geology in tlte 
University of Chicago. 

In this communication the author presented a synopsis of the leading events in 
the history of the Pleistocene as determined from studies of Glacial deposits 
lliroLighout Northern United States from tho Pocky Mountains to the Atlantic 
Coast, and from tho mouth of the Ohio northward to the Canadian border. Tho 
several ice sheets determined from their products were defined, and the extent of 
each was indicated ; while tlie effect of Glacial action on topographic conliguratiou 
and the geographic features of the country was developed. 


3. On the Glacial Formations of the Alps. By Professor A. Penck. ‘ 

The former glaciation of the Alps resembled very mueh that of British Colum- 
bia and Alaska of to-day. The valleys were filled with glaciers, which poured into 
the Piedmont region, forming here large ice-lobes. The borders of these ice-lobes 
are formed by terminal moraines; in the 'interior occur drumlins with a radial 
direction, and depressions filled with water forming lakes, or with alluvial deposits 
forming peat-mosses or gravel-dats. 

The glacial formations cons'istof true moraines and lliivioglacial deposits. Three 
different formations of this kind can be distinguished, the older being weathered below 
the younger. Judging from the thickness of tho decomposed parts, the relation of 
the duration of the postglacial and the two interglacial epochs may ho estimated a.s 
T : 4 : (). The duration of the postglacial lime cannot have been less than 20,000 
years ; the duration of both interglacial epochs, therefore, appears to have exceeded 

200.000 years ; the total length of the great ice age, with its glacial and interglacial 
■epochs was, judged by the deposits of the Po plain, 600,000 years. Interglacial 
sections prove that in the interglacial epochs the glaciers retired to the remote 
eorners of the mountains. The loess is tho characteristic formation of the Alpine 
interglacial epochs. Its development is in favour of Baron v. liiehthofeii's jeolian 
Siypothesis, for the loess is contiiied to the ctmtral European districts of the Alps, 
nnd is wanting in the Mediterranean climate. But it is also probable that the 
material of the loess is of fiuvioglacial origin. The older glacial deposits of the 
Alps have experienced a sliglit folding ; parallel to the strike of the Western Alps 
they describe a succession of syiielines and anticlines. 

All Alpiuo lakes lie within the limits of the last glaciation ; their origin, how- 
•ever, is a very complex one. They are, in general, deformed valleys, deepened and 
widened by the ice, and dammed by its moraines. 

Tho postglacial epoch appears short in comparison with the interglacial epochs, 
and if there occurred times of readvance of the ice, which are probably indicated by 
terminal moraines in the valleys, they were less than the three glacial epochs. 
There is abundant evidence for the existence of man during the last glacial and 
the last interglacial epoch ; its antiquity in Europe can be estimated as about 

160.000 years. 

^ The paper will be published in the Journ. of Geology, Chicago. 
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4. On the Isar of FMand. ByY, Kropotkin. 

These observations on the Saar, or eskers, of Finland were made in 1871. 
Many researches have been made since by Finnish geologists ; but although the 
gld(ual origin of the 8sar is now firmly established, their mode of formation in 
connection with the ice-sheet still remains uncertain. 

The chief point which appears in regard to the Ssar of Finland and Sweden is 
that they follow the same lines as were followed by the ice-cap in its southward 
and south-eastward movement. While taking no heed of important orographical 
features, they take into account, like glacial strige, minor depressions and eleva- 
tions, showing that the ice always followed the lines of least resistance. 

I'lio main Swedish fear descend from the highlands ; they spread next upon an 
eloV'itcd plain, 100 to 200 feet high ; then they descend to the Malar depression* 
crof^s it, and finally creep over the hilly tracks in the south of Lake Malar, 

At the time of the author’s visit to Sweden, the us of Upsala was cut through 
its whole width at Upsala, for making a new road. It consists of a core, made up 
of totally iinstratified, unwashed, and unsorted gravel, composed of round, angular, 
and sub-angular stones, from a few inches to several feet in diameter, mixed with 
sand and finest mud. This gravel is exactly similar to the bottom moraine in the 
neighbourhood, only containing a slightly greater proportion of limestone boulders, 
brought from Gefle. This core is covered with a mantle of washed, stratified, and 
sorted gravels, sands (ripple-marks), and clays, with Baltic shells. 

The lisar of Finland, represented on an orographic map, all run N.W. to S.E. 
One of them, the Pungaharju, was described, to show the orographic features of a 
big as. The Karigasala tis, in West Finland, occupies a position which makes of it 
u sister iis to the Swedish iWr on the western shore of the Gulf of Bothnia. It is 
a typical &, ninety-five mih‘s long (twenty-two miles explored). It has all the 
chaiacters of a longitudinal moraine, partly destroyed by the lakes and covered 
with sands and gravels which were washed by water and were deposited on the 
old shores of a lake which reached a higher level than is now reached by Lake 
Pajane. The morainic core consists of'a typical kross-stensgras, in which immense 
scratched boulders are scattered. 

t )f later Finnish e.xplorers, Wiik (187G), Gylling (1881), and Lederholm (1880) 
consider it also as a moraine, modified by water in its superficial layers; while 
Berghell (1802) is inclined to consider it as the produce of a glacial river. 

The tls of Yvaskyhi bears the same character ; while along the Tainmcrfors- 
ll«dsingfors railway the lis of Pyttila was found to have been largely digged out 
as a ballast-pit. The washed and sorted gravel was taken away as ballast; but the 
till (which gives bad ballast owing to its contents of fine glacial mud) was left 
intact at the bottom, thus showing that the core of the & is of morainic origin. 
The same was observed in the us at Dickursby. 

The conclusions to be drawn from these facts, taken out of many others ob- 
served by the author, are : — A strict distinction must be made between the core of 
an ih and its mantle. They are of distinct origin. The latter is always due to 
the action of water (rivers, lakes, or the sea), while the core, whenever access could 
be found to it, was invariably of morainic origin. Always it was found to consist 
of unwashed and unstratified till, and never of fluviatile deposits. This core is 
often buried under a thick slieet of water- deposit.s, and occasionally it lies oven 
beneath the level of the suiTOunding plains. It must have the same origin as the- 
driirnlins, horse-hacks, camels, &c., which are elongated hillocks formed in the bottom 
moraine, parallel to the motion of ice, and always accompany Ssar. From the 
geological survey of Sweden it appears that the hi-asar (small tributaries of the 
big Ssar) often are such drumlins {kross-asar ) ; and while the Rongedala is de- 
scribed as a rullsten-^ in its lower parts, it is represented as of morainic origin in 
its upper parts. 

We cannot say yet in which way these morainic ridges were formed, whether 
under, or within, or on the surface of, the ice-cap ; but the Ssar can safely be taken 
as longihithnal moraines^ superfidalUj modified by water. It is also very possible that 
the main Swedish fisar and the Kangasala & were side morainic deposits of the lobes 
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of the ice-cap. But it is equally possible that similar morainic ridges may arise 
under the ice-cap, or within it. 

At any rate, it seems almost impossible to explain the formation of Ssar by river 
action. The cores of the Kangasala and Yvaskyla asar, with their immense scratched 
boulders, certainly hai^e not been deposited by rivers. Nor the uustratified, un- 
washed, and unsorted core of the Upsala Rs. This latter, which runs from a level 
of 500 feet to 120 feet, next raises to a level of 207 feet, descends to Lake Malar 
in the level of the sea, and creeps again to a level of 180 feet, cannot have been 
made by a river. Even under the ice a river would mine its channel in the line of 
least resistance (eastwards in this case), instead of running uphill. No river could, 
moreover, have so steady a channel, a few hundred feet wide, as to make such a 
ridge ; it would have changed its channel in the course of time in the ice as well,, 
just as it does it in a rocky bed. 

The latest researches of Finnish geologists, showing the existence of two fron- 
tal moraines of the icc-cap, nearly parallel to the northern shore of the (lulf of 
Finland, and probably of a third iurther north (about Kuopio) were next referred 
to, as a parallel to the frontal moraines discovered in America. 


5. The CliuJhy Bouhier-cJay and the Glacial Phemomena of the Western- 
Midland Counties of Enyland.^ By H. B. Woodward, F.RB, 

The general distribution of the Chalky Boulder-clay is lirst stated, and its 
limits in Southern and Western England defined. The author then deals with 
certain phenomena of especial interest, such as the wide dispersal of the chalky 
detritus in the drifts, the disturbance of the underlying strata, the occurrence of 
large blocks or ‘ cakes ’ of the local formations among the glacial deposits, and 
the intercalation of sand and gravel with tlio boulder-clay. 

In the West-Midland counties, the glacial phenomena of wliioh have not yet 
been thoroughly examined, there is a marginal area bordering the strongly 
glaciated regions to the east and north-east. This has not been affected by tht? 
later stages of the ( Uacial period, as the Chalky Boulder-clay is succeeded by 
modified drift in the form of valley gravels and loam, with the remains of 
mammoth and associated fossils, which merge into the estuarine and marine 
deposits of the Severn Valley. In sketching the probable southern and western 
limits of the Chalky Bouldcr-clay in this region, the author remarks on the absence 
of drift from certain idevated tracts as indicating that the land-ice may have been 
locally arrested by them and divided into lobes and tongues which invaded the 
lower ground. Previous to this glaciation the main features of the country seem 
to have been as at present, but there was no doubt a thick covering of 
weathered rock and rubble on the surface, and this material would be readily 
frozen into the base of a sedentary ice-sheet. In general the chief effect of tho 
ice has been to degrade the surface features rather tlian to efface them. 

The glaciation does not seem to Iiave affected the Cotteswold Hills, which are- 
flanked with thick accumulations of local rubble, explicable as the result of the 
disintegration and redistribution of tlie surface layers during alternate frost and 
thaw, as suggested by Witchell and Lucy : Edgehill also appears locally to have 
arrested tlio land-ice. 

Althougli the clialky ingredients of the Chalky Boulder-clay are present over 
wide areas, there is much local variation in the other material, according to the 
nature of the underlying rocks. The new railway cuttings of the Midland branch 
Railway east and west between Bourn and 8axby, and those of the Manchester, 
Shellield, and Lincolnshire Railway north and south between Catesby and Quain- 
ton Road, near Aylesbury, have furnished good examples of this variation. 

If the weathered soil and subsoil were frozen into the sedentary ice, the dis- 
turbance of the underlying rocks, of which many instances are cited, might bo 
produced during the movement and shearing of these basal layers. The debris 
thus removed might rise by overthrusts into higher horizons in the ice, and be 
‘ Geol. Mag. Dec. 4, iv. p. 485, 
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then carried forward and widely distributed and commingled witli local detritus 
during alternate recessions and re- advances of the ice-margin, the boulder-clay 
being deposited, to a hirge extent, by the melting of the ice, as indicated many 
years ago by J. G. Goodchild in his account of ice-work in Edensido. 

The degrading action of tlie ice has dilfered widely in dilFerent localities. Tt 
is where this action has been most marked, as around the Fenland border, that the 
large transported masses of Secondary strata liave been most frequently observed. 
Among examples of such masses are the disturbed sheets of chalk of the Norfolk 
Coast and Trowse, the huge mass at Roslyn Hole, Ely, and that at Ca,tworth de- 
scribed by Mr. A. C. G. Cameron. Other well-known examples are the masses of 
Lincolnshire Limestone at Great Ponton, and the mass of Marlstone 200 yards 
across at Beacon J [ill, described by Professor Judd ; while recently Mr. C. Fox 
Strangways has observed ‘ a mass of Lincolnshire Oolite at least 300 yards long 
and 100 yards broad,’ to the north-west of Melton IVlowbray. All these occur m 
connection with the Chalky Boulder-clay. 

The author then draws attention to the singular absence of Jurassic outliers 
along the western margin of the great Lincolnshire ^ Cliff,’ and he suggests that 
these huge cakes and boulders we^'e, in some cases, dislodged from outliers which 
had become frozen to the base of the ice-sheet and were then shifted to higher 
levtds along planes produced in the ice by its movement over an irregular surface. 
The abundant chalky detritus was no doubt carried along minor planes of move- 
ment in the ice, the chalk lumps being scored by fractured flint, and the material 
being transported far and wide at higher levels in the ice than the hulk of the more 
local material. In certain instances the soil frozen to the base of the ico-slieet was 
little, if at all, moved, being overridden by subsequent ic*e-moveraents 

The intercalation of sand and gravel with the Chalky Bonlder-clay is, he thinks, 
best explained as a marginal phenomenon produced at diflerent&tages in the advance 
and retreat of the ice-slu'et. The author acknowledges his indebtedness to Messrs. 
Ghamberlin, Crosby, and Upham, whose studies have thrown so much light on 
jjlacial pheiiomuna, 

(1. (facial (Did Inte7'(jl acial Deposits at Toronto. 
lUj A. P. Coleman, Th.D.y Toronto (Iniversitp. 

The ravines of the river Don at Toronto and the lake cliffs of Scarborough 
Heights, a few miles to the east, provide exceedingly interesting sections of the 
<lrift, from 100 to 350 feet in thickness, displaying three or more sheets of till and 
a varying number of interglacial beds. 

The most important section, at Taylor’s brickyard in the Don Valley, shows a 
lowest till overlying Oambro-Silurian shale of Hudson River aire. Upon this rest 
18 feet of sand and clay, containing many unios and other shells, as well as leaves 
and pieces of wood, 8onie of the unios do not now live in Canadian waters, but 
are found in the Mississippi ; and several species of trees now belonging to the 
States to the south occur with them, indicating a climate decidedly warmer than 
the present. Above this come stratified clay and sand, with a caribou lioru and 
remains of insects and plants belonging to a colder climate than the present. This 
«et of clays and sands is best sliown at Scarborough, where the series rises 148 feet, 
above l^ake Ontario, and contains many species of extinct beetles, as well as shell- 
fish, mosses, and wood of hardy trees. 

A complicated middle till overlies these beds, which were deeply eroded before 
the advance of the ice. Another less important fossil-bearing interglacial bed 
occurs above the middle till at elevations up to 240 feet above the lake, and is 
followed by a third till. 

Great changes in the level of the water occurred in connection with these 
climatic changes, the lake being much lower than at present, before the first 
glacial advance and after the first interglacial time. 

During the deposition of the middle till, and also while the last sheet of till was 
being deposited, the water stood from 250 to 300 feet above the present level of 
the lake, winch stands 247 feet above the «ea. 
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The retreat of the last ice sheet was followed by the Iroquois episode, leaving a 
well-marked elevated beach. 

The length of time required for the first interglacial period is probably to be 
estimated at thousands of years ; and during this time, at the beginning of which 
the climate was very warm, the ice sheet of the Laurentide glacier must have com- 
pletely disappeared. 

The correlation of the series of events described with those of the drift of the 
United States and of Europi* is dillicult, but probably the chief interglacial period 
corresponds to Geikie’s Iseudeckian, or the interval between the Iowan and 
Wisconsin glacial advances. 


7. On the Continental Elemtion of the Glacial Epoch} 

Ihj J. W. Spexceu, Ph.D., E.G.S, 

At the last meeting of the British Association, held in Liverpool, Professor 
Edward Hull presented a paper upon ^ Another Possible Cause of the Glacial 
Epoch,’ in which the phenomena of the drowned valleys described by the present 
writer in tlie ‘ lieconatruction of the Antillean Continent ’ ^ are also accepted by 
Ih'ofessor Hull as duo to river erosion, thus furnishing yardsticks for measuring 
the recent elevation of the region. 

in that paper the writer described a large number of drowned valleys, often 
extending frorn. the mouths of the great modern rivers across the submarine 
plateaus at various depths, reaching to even 12,000 feet or more. The writer now 
submits evidence showing that similar drowned valleys and ampliitheatres are 
recognisable as far northward as Labrador, beyond which latitude surveys have 
not been made. 

The submarine valleys radiating from the American Continent are no greater 
than many observable upon the surface of the land, and are particularly comparable 
to the valleys and canons tra\er&ing the plateaus of Mexico and the Western iStates 
both in magnitude and in the declivity of the various steps which indicate the 
pauses in the elevation of the land. 

Upon tracing northward the deposits occupying the great valleys, the writer 
has found that glacial accumulations occur in New Jersey between the Lafayette 
formation, which is the latest horizon dissected by the great valleys, provisionallv 
regarded as of late Pliocene age, and the Columbia formation, which is mid-Pleis- 
tocene. From all these considerations the writer concludes that the eastern 
portion of North America stood more than two miles above the sea during the 
earlier Ideistocene epoch. 

From the occurrence of certain fossils, and of many caTions of recent date incising 
the borders of the tablelands, it appears that the Mexican plateau was, at least 
in part, depressed to near sea level during the times of the high elevation of the 
eastern portion of the continent; and that, with the subsidence of the eastern 
region, the western side of the continent was elevated from 6,000 to 10,000 feet 
or more. Ihe separation of the Atlantic and Pacific Oceans is onlv of recent 
date. 

The soundings in the eastern Atlantic have not always been along tlio lines 
which show the best development of the submerged valleys, but the amphitheatres 
and other valley-features in the subcoastal margin of Europe show some of the 
phenomena of elevation, after studying their characteristics otf the American coast. 
While a submarine bridge exists between Europe and Greenland, there appears 
to be no similar connection between Greenland and America. Under these 
circumstances, the epochs of elevation on the two sides of the Atlantic cannot be 
shown as simultaneous. On the other hand, it is suggested that the elevation upon 
the^ two sides alternated similarly to the terrestrial waves between the eastern 
region of America and Mexico. 

The theory of the Antillean ridge is strongly supported by the distribution of 
‘ Gcol Mag., Dec. 4, v. p. :V2. " B:dJ. Oeol. Soc. Amer., iv. 1894-95, 103-110. 
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certain mammals of tliat time over North and South America, as shown hy some 
of Professor Cope’s last work, and hy the occurrence of eliptics in Guadeloupe. 

If the physical phenomena be correctly interpreted, the changes of levels of 
land and sea, and the dependent variations of currents, &c., seem to be sufficient 
cause for the Glacial period, as advocated by Lyell and many others, while the 
writer has only pointed out where changes have occurred. 

Since the epoch of great elevation there have been extensive subsidences in 
America, so that much of the region, where not actually submerged, stood near 
sea level. The subsequent elevation has been unequal and most pronounced in the 
mountain regions, as of New England, New York, &c., where tilted beaches, 
deltas, and terraces occur on all sides of the high mountains in such locations as 
would require the base levels of erosion to be reduced to near sea level, while the 
subsequent rise of the land has lifted them to a height of at least 2,700 feet. 

Between the phenomena of great elevation and depression there are many 
others not yet assigned to their proper places, wliicn possibly accounts for 
various explanations of the surface features. 


8 . The Champlain Submergence and UpHfl., and their Relations to the 

Great Lakes and Niagara Falls. Jig Ehank Buuslev Taylor, of 

Fort Wayne^ Indiana. 

There is much evidence that the disappearance of the Champlain submergence 
was a recent event in geological time. The skeletons of whales and seals found 
within the submerged area are not pctrefactions, but bones ; its marinci shells are 
fre.-h in appearance. Many of the species lound live now in the t-iulf of the 
8t. Lawrence. The river channels traversing the old sea bottom betray tlieir 
youth by many signs. Its soil shows less oxidation than that of the adjoining 
iinsubtuerged drift area. 

A remarkable abandoned beach surrounds a large portion of the upper Great 
Lakes. It leads to a low col at the east end of J.<ake Nipissing, and is hence 
called the Nipissing beach ; and the lake Avhich it bounded, and which was nearly 
coterminous with the present Lakes Superior, Michigan and Huron, is called the 
Nipissing Great Lake. It lies in a very even plane wliich diverges from the 
present lake level at the rate of nearly seven inches to tlie mile in a direction 
about N 27° E. Its maximum elevation is 110 to 115 feet above Lake Superior, 
and this at Peninsular Harbour; at North Bay it is about 120 feet above 
Georgian Bay. It meets the present surface of Lake Huron at points nearly 
opposite the mouth of Saginaw Bay ; of I^ake Michigan near Traverse and Green 
Bays, and of Lake Superior not far east from Duluth. Its plane projected would 
pass about 25 feet under the present lake level at Duluth, 40 feet at Port Huron, 
and 100 feet at Chicago. 

The land exposed between the Nipissing beach and the present water margin is 
in some places a number of miles in width. It exhibits the same evidences of 
newness as those found in the uplifted area of the Champlain submergence. 
Shells found in it are in a similar state of preservation. River channels which 
cross it are manifestly in the early stages of erosive work. Notable among these 
is the Nipigon. The inference is strong that the Nipissing Great I^ake period was 
contemporaneous with the Champlain submergence, and that during that time the 
upper Great Lakes had their outlet by way of the Nipissing pass and Ottawa 
river. 

If this is true there remained only the discharge of Lake Erie to occupy the 
Niagara. This is at present about one-ninth of the total volume of the river. 
As the work of this feeble stream we can account for the narrow and shallow 
gorge of the Whirlpool rapids. 

The Champlain Uplift simultaneously uncovered the floor of the Champlaiiii 
sea, raised the Nipissing beach at the north-east and submerged it at the south- 
west, closed the Nipissing outlet and opened that at Port Huron, turned the 
entire discharge of the Great Lakes into the Niagara river, and inaugurated the 
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cutting of its upper great gorge. Taking the ascertained rate of recession of the 
Horseshoe fall as the principal datum, the time occupied in that work may have 
been from 5,000 to 10,000 years, which thus becomes the measure of the time 
which has elapsed since the emergence of the Champlain area. The measure of 
the duration of the Champlain submergence is the time occupied in the cutting of 
the gorge of the Whirlpool rapids. No data exist for its statement in years that 
would be more than a guess. Such merely conjectural estimate as can be based 
on the action, or inaction, rather, of the American fall would lead to figures not 
less than twenty or twenty-five thousand years. 


9. Remarks introductory to the Erenrsion to Niagara Falls and Gorge, 
By G. K. Gilbert. 


10. Drift Phenomena of Puget Sound and their Interpretation, 

By Bayley Willis. 

The area from which the facts for this disciLssion were collected is the Tacoma 
quadrangle of the United States topographical survey, comprising the district east 
and south of Seattle and Tacoma. The major topographic features are the 
channels of the Sound and the strictly homologous valleys now filled with 
alluvium. These divide, and in some instances surround, plateau-like elevations 
composed of stratified and unstratified drift that rise about 500 feet above the sea. 
On the slopes of the adjacent foot hills of the Cascade Range drift deposits 
occur up to and beyond 1,700 feet above the sea. Various features of the Glacial- 
derived topography have been traced out in detail, including characteristic till 
surfaces, morainic zones, kames, and overwash plains. The distribution of these 
features indicates that at least the latest Glacial advance was along the valleys and 
channels of the Sound, and that glaciers rose above and overflowed the margins 
of the plateaus. The materials of the drift are to a large extent granite, and bear 
evidence of prolonged water transportation. A distinct variety of till, containing 
numerous erratics of Tertiary volcanics, was found in localities to which it was 
probably brought from the local centre of glaciation, Mount Rainier. The rela- 
tion of these local Glacial deposits to the general drift indicates that the prevailing 
drift phenomena were due to glaciers which penetrated from the north as far south 
as the foot hills of Mount Rainier, 30 miles south-east of Tacoma. 

The detailed examination of the various features of the drift suggests the 
hypothesis that the channels of the Sound are the hollows remaining after 
repeated Glacial occupation of a wide valley formerly diversified by the valleys 
and ridges of pre-Glacial topography. In the course of repeated Glacial advance 
and retreat the earlier divides were built upon and transformed into plateau-likt* 
eminences of Glacial drift, whereas the occupation of the valleys by Glacial ice, 
particularly in the stagnant stages of retreat, prevented their being permanently 
filled ; with the final retreat of the ice the molds of glaciers remained as the 
channels of the Sound. This hypothesis is to be contrasted with that of erosion, 
due to repeated uplift and subsidence. 


11. The Southern Lobe of the Laurentian Ice Sheet. ^ 

By Professor C. H. Hitchcock. 

The ice-sheet of eastern North America had its gathering grounds in the 
Laurentian highlands, east of Hudson’s Bay. Glaciers flowed from it in all 
directions. Perhaps the most conspicuous discharge was to the south through 

' For a fuller account of this lobe see American Geologist^ July 1897, vol. xx., 
* The Eastern Lobe of the Ice-shcet.’ 
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•tlie Cliamplain and Hudson valleys to a point eighty miles out to sea. The study 
of the stria) shows a series directed southerly through the lowest line of this 
depression, nowhere much elevated above the sea-level. 

On the west the strim point 8.W., and stones have been transported in the 
same direction. Thus fragments of Potsdam sandstone are strewed over the 
Adirondack mountains even to their very summits, as proved in 189G by the 
writer. All through middle New York and into Pennsylvania, boulders of the 
Adirondack granites may be seen. 

On the east of the central line the striae point S.E. on the summits of all the 
Green and White mountains, and boulders from the N.AV. have everywhere been 
carried up to and beyond these summits. Laurentian boulders are found m 
northern Vermont and New Hampshire, and, in one place at least, over the height 
of land into Maine. 

On examining this area it seems to be a broad lobe, with striae diverging from 
the central line, much like the barbs of a feather from the central shaft. 

Studies of tlie Erie, Michigan, and Superior lobes show a similar arrangement 
of striie, but the lobes themselves are more acuminate. 

This southern lobe is remarkable for its movement from a plain near the sea- 
level over the highest mountains in New England and New York, 6,000 and 
6,000 feet. 

The terminal moraines of this great glacial lobe correspond to the two sets of 
striae, being rudely at right angles to the direction of tlie movement in both cases. 
Those of central New York run meridionally, /ind then follow down the west side 
of the Hudson valley. Those in New England are parallel to the margin in the 
outer portions, and those in N, II. and Vi. run more nearly N.l^k and S.W. 

As portrayed on the map, the line of junction between this southern lobe and 
the one coming from Lake Ontario is near Salamanca, N.Y. An angle is made 
there, TAhich is the most northern part of the unglaciated country outside of the 
limits traversed by the ice known in the United States. 

T'he moraines of the Ontario lobe are arranged in parallel looped lines, and 
those in the immediate vicinity of Toronto belong to this series. 

If this great lobe had its origin in the Laurentian hills, it is dillicnlt to under- 
stand how the ice can have been accumulated at a lower level sulliciently abun- 
dantly to move over a higher level, probably three thousand feet. It is easy to 
see how the Ontario lobe could have made its way, as the greater altitude of the 
rim of the basin in Ohio is comparatively slight. 

The fa(;t that the area of the southern lobe is greater than that of nny other, 
reminds one of the map of the Great Baltic glacier given us by Professor James 
Geikie. 


12. On the Orujin of Dnmdlns. 

By N. S. SiiALER, Professor of Geology in Harvard University. 

History of previous studies of drumlins — The question of their origin still 
undetermined — Method of inquiry— Geographic distribution of phenomena in 
relation to ice-sheets — Distribution of phenomena by series of forms — Importance 
of studying drumloidal forms occurring in bed-rock and in morainal hills -I’ela- 
tion of drumlins to moraines — Evidence that drumlins are due to locally inlenso 
deposition of detritus — Evidence that they have been subjected in most, if not all, 
cases to glacial erosion — Analysis of the conditions of local deposition — Reasons 
for believing that pressure-melting occurring at the base of a glacier induces the 
formation of drumlins — Relation of drumlins to moraines formed upon previously 
existing ridges — Phenomena of disappearance of drumlins towards the margin of 
the ice-sheet — Probable history of drumlin growth as shown by an analysis of the 
phenomena — Revision of the evidence in relation to the theor}'. 
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13. The pre-Glacial Decay of Rocks in Eastern Canada. 

By Robert Chalmers, F.C.S.A., of the Geological Survey of Canada, 

Although the question of the subae'rial decay of rocks has been before geologists 
for many years, it does not appear to ha7e received much attention in glaciated 
countries. One reason of this may be the prominence given to the action of 
Pleistocene ice in the production of the superficial deposits, the origin of the 
boulder clay, moraines, kames, &c., being apparently quite readily explained by 
such action, while the sedentary beds beneath, due to rock decay, are often so 
thin and fragmentary that they seem to have been overlooked. It is, nevertheless, 
becoming more and more evident in the detailed study of the superficial deposits- 
that the materials of rock decay, from which all others have been derived, form a 
very important constituent of the series. 

In Eastern Canada a wide field for the study of the products of rock decay 
exists, in which, so far, but few workers have been found. Sir J. W. Dawson 
described beds of this kind occurring at Les Eboulements, Quebec, where Utica 
slates have been changed to a great depth into a sort of clay.^ Dr. T. Sterry 
Hunt also observed instances of the similar decomposition of rocks in the vicinity 
of Montreal, especially at Rigaud Mountain.^ The writer has been investigating 
phenomena of this kind since 1884, and has noted beds of decayed rock beneath 
the boulder clay in New Drunswick, Nova Scotia, Prince Edward Island, and in 
South-Eastern Quebec, while in the Magdalen Islands the whole of the superficial 
deposits consist of rock d6bris, some portions of which an*, however, more or less 
stratified by marine and atmospheric action, no glaciation having taken place- 
there. 

In the present paper the question of rock decay during the geological ages 
which preceded the Tertiary is not considered. 

Beds of decomposed rock of variable thickness and more or less modified occur 
wherever the surface of the rocks has not been abraded by Pleistocene ice, though 
the evidence of ice action may be present and boulder clay often found overlying 
them. In South-Eastern Quebec the hilly, broken country along the northern 
slopes of the Notre Dame range appears to have protected these in some measure 
from glacial erosion, and hence they occur in thick sheets in certain places, 
especially in river valleys. The stratified and indigenous pre-Glacial beds met 
with in the valley of the Chaudiere, for example, taken together, are not lese 
than 45 feet thick. In New Brunswick, Nova Scotia, and Prince Edward Island 
the glaciation has been comparatively light in many di-stricts, and consequent! v 
remnants of these materials are found there also, though in a greatly denuded 
state. 

A general section of these beds, as recognised in Eastern Canada, may be given,, 
.showing briefly in descending order their character and sequence as noted in 
different places beneath the boulder clay : — (1) Transported and stratified water- 
worn gravel with beds of fine sand and clay. (2) Coarse, stratified gravels, usually 
yellow and oxidised, the materials wholly local. (3) Sedentary rotted rocky 
passing into solid rock beneath. 

Certain portions of the region, as, for example, the eastern extremity of the 
Gaspd Peninsula, the Magdalen Islands, and some localities in Prince Edward 
Island, exhibit no abrasion from Pleistocene ice, and the surface, therefore, presents 
nearly the same appearance as it probably did in the later Tertiary period. 

The mineralogical character and consistency of the decayed rock materials are^ 
of course, different upon each geological formation, varying from coarse and 
angular, upon the older crystallines, to clay, with scaly fragments in districts- 
occ^ied with slates, and changing into sand and gravel where sandstones prevail. 

The products of rock decay as observed beneath the boulder clay are, therefore, 
of two Kinds, indigenous and modified, the latter thickest in the ancient river 

* Notes on the Post-riiocene Geology of Canada, Canadl'in Naturalist, vol. vi» 
1872. 

* American Journal of Science, vol. xxvi. 1883, pp. 208, 209. 
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valleys, but often eroded, or entirely swept away by the rivers since the Glacial 
period in clearing out their channels anew. From the facts at hand it is evident 
that a mantle of these materials of variable thickness must have occupied the 
whole region in the later Tertiary period, however, and that denudation from the 
Vleistocene ice and fluviatile action before and since has left only remnants of it 
to the present day. 

In reference to the precise age of these beds in Eastern Canada, no evidence 
seems yet to be available. At the western base of tlie Green Mountains, near 
Brandon, Vermont, certain beds were discovered many years ago closely resembling 
those of the Chaudiere valley of pre-Glacial date. Lequereux, who studied the 
vegt'tablo remains which they contained, referred them to the Miocene.* 

The manner in which the rocks decompose and yield these indigenous products 
is a question which requires fuller treatment than can be accorded to it in this 
paper. Decomposition seems, however, to be mainly of two kinds — mechanical and 
'Chemical. The most important is doubtless that due to precipitation and to the 
action of the carbonic acid of the atmosphere. Changes of temperature have also 
had a very great influence, especially in Eastern Canada, producing contraction 
and expansion of the rocks, and thus causing numerous joints and fissures into 
which water and disintegrating agents would find access. Decomposition cannot, 
liowever, have proceeded at as rapid a rate in this country as in tropical regions. 
The mantling of the earth’s surface with snow and the freezing up of the super- 
ficial deposits for five or six months every year would have a conservative effect, 
and check the action of the disintegrating forces.* 

The general aspect of the dry land in Eastern Canada previous to the Glacial 
period must have been nearly similar to that of the region south of the glaciated 
•zone in North America, though the superficial hods may not, for the reasons stated 
above, ha^ e been as deep. The facts show, however, that rock decay has been in 
progress for long ages iu this country as in other parts of the eartli, though 
apparently with diminished effect. 


SATUJWAY, AUGUST 21, 

The following Papers and Deports were read : — > 

1. Note on certain Pre-Camhrian and Cambrian Fossils supposed to he 
related to Eozoon, By Sir W. Dawson, F.R.S, 

This note relates to fossils referred to in the discussion of the author’s paper 
■on Eozoon at the Liverpool meeting last year, and subsequently re-examined by 
iiioK It relates to the genera Cryptozoon of Hall, Archceozomi of Matthew, and 
Oirvanella of Nicholson {Streptochetus of Seeley). All three are now known in 
their structures, and have been found in beds ranging from the Lower Cambrian 
downward. They all seem to be animal forms of low and generalised structure, 
■and probably Protozoa. The specimens referred to can be seen in the Peter 
Dedpath Museum of McGill University, Montreal. 


■2. Note on a Fish Tooth from the Upper Arisaig series of Nova Scotia, 
By J. F. WlIITEAVES. 

The only indication of the existence of vertebrate animals in the Silurian rocks 
-of Canada, that has yet been recorded, is a single specimen of a Pteraspidian fish 
•discovered by Dr. G. F. Matthew in the Nerepis hills of southern New Brunswick 
in 1886. This specimen, which consists of the rostrum, the lateral cornua, the 
-dorsal and ventral scutes, and some other plates of the anterior armature of the 

* Geology of Canada ^ 1863, p. 929. 
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fish, was subsequently described by its discoverer as the type of a new genus, 
under the name Diplaspia Acadica, though Mr. A. Smith Woodward claims that 
it should be referred to Lankester’s genus Cyathaspis. 

However this may be, in the Museum of the Geolo^cal Survey at Ottawa 
there is a well-preserved fish tooth from the Upper Arisaig series at McDonald’s 
Brook, near Arisaig, N.S., collected by Mr. T. 0. Weston in 1869. On the 
evidence of large numbers of other kinds of fossils, the upper portion of the 
* Arisaig series ’ is still held to be of about the same age as the Lower Helderberg 
group of the State of New York and the Ludlow group of England, but no 
Devonian rocks are known to exist at McDonald’s Brook. 

The tooth itself, which is not quite perfect at either end, is about eleven 
millimetres in height, by about five in breadth at the base. It is conical, slightly 
<iurved, and somewhat compressed, the outline of a transverse section a little 
below the mid-height being elliptical. It is entirely covered with a thin coat of 
•enamel, which is finely and longitudinally striated. 

Judging by its external characters, this specimen seems to be w'hat is usually 
■called a dendrodont tooth, and therefore profiably that of a crossopterygian, per- 
haps allied to Holoptychius, though its fore and aft edges are not trenchant. Only 
one specimen of it has been obtained, so that no thin sections of it have been made, 
to show its microscopical structure. As it does not seem referable to any known 
species, it may be convenient to call it provisionally Dendrodus Arisaiycnsis. 

If the limestones from which this tooth was collected are, as there is every 
reason to believe that they are, of Silurian age, a second species can be added to 
tlie vertebrate fauna of that system in Canada ; but if not, the tooth is still of 
interest as indicating the possible existence of Devonian rocks at a locality where 
such rocks have not previously been recognised. 


3. On some new or hitherto little knoivn PaUvozoic Formations in 
North-Eastern America, Jiy H. M. Ami, J/.A., F.G.S, 

Leaving out of consideration the Cambrian formations of the north-east part of 
America, which have received careful attention at the hands of Dr. Cl. F. Matthew 
and the late Mr. E. Billings, the author discusses the little-known formations or 
faunas of Ordovician (Cambro-Silurian) ago of New Brunswick and Nova Scotia. 
This is followed by an attempt to subdivide the Silurian formations of the Acadian 
provinces according to faunas, and by a correlation of these faunas with similar or 
homotaxial faunas in Northern Europe. 

The subdivisions of the Devonian system are then considered, and their faunal 
relations in the district in question, as well as to areas more to the south and west, 
in the State of New York and in Ontario. 

The paper closes with a synoptical view of the phases which characterised the 
Carboniferous period of North-Eastern America, a subject of special interest from 
an economic as well as from a scientific standpoint. 


A:.^Some Characteristic Genera of the Cambrian, 

By G. F. Matttieav, LL.D., D.Sc.^ F.R.S.C, 

The paper gives in brief the history and use of several generic names and the 
distribution of certain species to which they have been allied. These genera 
have an important bearing on the antiquity of the Olenellus Fauna — BathyurisciiSy 
Meek, known as a Middle Cambrian genus in Montana and Nevada, occurs in the 
Olenellus Fauna of Eastern North America. It is nearly allied to the following 
genus — DolichometopuSf Angelin, of the Upper Paradoxides Beds of Sweden, is 
found in beds of similar age in Eastern Canada. With it is associated Borypyge^ 
Dames (=s01enoides in part of Walcott), which is a Middle Cambrian genus in 
Montana, and is found also in the Olenellus Fauna of Eastern North America. 
MicrodiscuSf a genus of small trilobites, extending in Eastern Canada up to the 

1897. u u 
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Upper Paradoxides Beds, is found in the Olenellus Fauna. Agnostyn has a peculiar 
development in the Upper Paradoxides Beds in the appearance at that horizon of 
the section Lcevigaii^ the lirevifrontes also abound there. These two sections 
appear to be present in the fauna with Olenellus. 

If we accept the view that there has been a regfular development of the faunas 
through Cambrian time, it is difficult to understand how Olenellus can be at the 
base of the Cambrian succession and yet found in company with so many genera and 
sub-genera which are known members of the Middle Cambrian fauna, or that of 
the Upper Paradoxides Beds. Olenellus has not yet been found below the Para- 
doxides Beds, and the evidence adduced indicates that it extended above rather 
than below this part of the Cambrian system. 


5. Rpjiort on the Rofisil Phyllopoda of the Palaiozoic Rocks. 
See Reports, p. 


G. Report on tJte Secondary Fossils of M or eseat^ Aberdeenshire. 
See Reports, p, 33:). 


7. Inflnence dlnit eboalnnent snr le Regime <Vnne riviere. 

Par Mgr. J.-O. K. Laflamme, de UUniversite Lawd. 

II s’agic d’un tiboulement arrive sur la riviere Ste-Aiine, province de Qiud:)ec^ 
en avril 1804. Le cours de cette riviere, dans la partie dont il est ici question, 
se divise an deux sections bien distinctes. Bans cbacune la riviere coulait, avant 
I’dboulis, dans un terrain d’alluvion, ou elle avait creusd de longs el nombreux 
mdandres. La section d’amont dtait peu profonde, mais I’autre, placdo pres de 
I’embouchure dans le St-Laurent, dtait tres profonde et h courant ties faible. 
Entre ces deux parties, la riviere traverse une formation calcaire (Trenton), dans 
laquelle elle a creusd, eu certains endroits, une gorge tres profonde qui existe encore, 
mais meme lii ou la gorge n’ existe pas, le courant est tres rapide. 

Un dboulis de plusieurs millions de pieds cubes s’est produit tout a coup dans 
la section siipdrieure. L’ancien lit de la riviere a compldtement disparu. File 
coule maintenaut sur de noiiveaux bancs d’argile mis A. nu, dans lesquels elle se 
creuse un chemin. La masse do terre de fdboulement a etd transportde a 10 milles 
de distance pres de I’embouchure, comblant ainsi en partie le chenal profond qui 
existalt lA auparavant, augmentant par consdquent la vitesso dii courant et 
provoquant en cet endroit des dboulements riverains, lesquels se continiient encore 
et ont ddjA emportd des surfaces considdrables de terres cultivees. On a du faire 
des travaux tres dispendieux pour sauver le pout du Pacifique, qui 6tait menac6 
par cette alteration du regime de la partie inferieure de la riviere, et le dernier mot 
iTest pas encore dit. Cette riviere va mettre des annees avant de retrouver sa 
tranquillite primitive. 

Cet eboulement est, sans contredit, le plus considerable qui se soit produit de 
memoiro d’homme dans la province de Quebec, et peut-etre que Texpose des prin- 
clpales causes qui Tont amene et des effets qui l^ont suivi ne sera pas sans interot 
pour la section geologlque de TAssociation Britannique pour Tavancement des 
sciences. 


8. Report of the Coast Erosion Committee of the East Kent and Dover 
Natural History Societies. By Captain G. McDakin. 


9. Report of the Raima of Caves near Singapore. See Reports, p. 342. 
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MONDAY, AUGUST 23. 

The followiii^^ Reports and Papers weie read ; — 

1. Report Oil the Erratic Blocks of the British Isles. 
See Reports, p. 349. 


2. On the Relations and Strncture of certain Granites and associated Arkoses 

on Lake Temisc< lining, Canada. By A. E. Barlow, AI.A., anid W. F. 

Ferrier, B.A.Sc., Geological Survey of Canada. 

The rocks to which the following facts relate outcrop on hoth the eastern and 
western shores of Lake Temiscaming immediately north of the ‘ Old Fort ’ Narrows 
on the upper Ottawa river, the deep channel of which forms the boundary line 
between the Provinces of Ontario and Quebec. 

On the eastern side of the lake the granite forms a strip along the shore half a 
mile wide, and extending from a point three-quarters of a mile north of The Narrows 
on which is situated the now abandoned Fort Temiscaming, a fur-trading post be- 
longing to the Hudson Bay Company, to the steamboat wharf near the village of 
Baie des Peres. It also constitutes the rocky promontory known as Wine Point 
to the west of Baio des Peres, extending inland in a noith-easterly direction for 
about one mile and a quarter. On the western side of the lake the lirst outcrop is 
noticed about half a mile west of ^ The Narrows,’ continuing along the shore for 
about four miles as far as Paradis Point, and varying in breadth from lialf a mile 
to one mile. The whole area thus underlaid by the granite is approximately about 
six square mlh's. 

Macroacopically the fresh rock is a rather coarse, though very uniformly even 
grained aggregate of felspar, quartz, and a dark coloured mica, probably biotite. 
Felspar is by far the most abundant constituent, and the abundance of red oxide 
of iron disseminated through all the cracks and fissures of this mineral gives to 
the rock its beautiful deep dcsh-red colour. The quartz is, as usual, allotriomor- 
phic, but a decided tendency is noticed to segregate in more or less rounded areas 
or individuals which, especially on surfaces worn and polished as a result of glacial 
action, gives to the rock a porphyritic or pseudo-conglomeratic appearance ; a fact 
first made note of by Sir William Logan in 1844 on his manuscript map of this 
portion of the Ottawa river. 

The microscope shows the rock to be composed essentially of orthoclase, micro- 
cline, plagioclase (oligoclase ?), quartz, and biotite almost completely altered to 
chlorite. The microline has evidently been derived from orthoclase as a result of 
pressure, and all the gradations of this change may be noted, from the * moire 
structure ’ characteristic of the imperfectly or only partially developed mineral, to 
the fine and typical ‘ cross-hatched structure ’ peculiar to this mineral. The fel- 
spar shows only incipient alteration to sericite, and scales and flakes of this mineral 
are d(weloped especially abundantly in the central portion of the individuals, leaving 
a comparatively fresh periphery almost altogether free from such decomposition 
products. 

The arkose with which this granite is associated and surrounded is a beautiful 
pale or sea-green quartzite or grit, passing occasionally into a conglomerate, the 
pebbles of which are chiefly grey and red quartz with occasional intermixed frag- 
ments of a halleflinta-like rock. 

Under the microscope the finer-grained matrix appears to be almost wholly 
composed of pale yellowish-green sericite in the form of minute scales and flakes, 
although occasional individuals are macroscopically apparent. Most of this sericite 
has originated from the decomposition in situ of felspar originally present, and 
irregular portions or areas of the unaltered felspar may be occasionally detected. 

The line of junction between this granite and arkose shows a gradual and dis- 
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tinct passage outward or upward from the granite mass. The series of thin sections 
examined, as well as the hand specimens themselves, show every stage in the pro- 
cess, which has heen carefully studied. 

In the first place, as a result of dynamic action, the orthoclase is converted 
into microcline with the incipient development of sericite, which gradually 
increases in those specimens where the greatest perfection of the ^ cross-hatclied ^ 
microcline structure is reached. In these the individuals of quartz and felspar 
have undergone rather extensive fracturing, hut with little or no movement apart 
of the fragments. This breaking up of the original larger individuals is, as usual, 
much more apparent in the quartz than in the felspar, and beautiful examples of 
* strain-shadows ’ may frequently be seen in those quartz areas which have not 
yielded altogether to the pressure. A further stage in the process is reached 
when the sericitisation of the felspar has proceeded so far as to permit of the 
^ shoving apart ’ of the fragments by the various forces which have acted in 
bringing about the degradation of the whole rock mass. This gradual decom- 
position of the felspar and movement of the rock constituents can be perfectly 
traced in the series of thin sections examined until the rock cannot be distinguished 
from an ordinary arkose, while the arrangement on the large scale, and the more 
or less parallel alignment of rounded and waterworn quartzose fragments amply 
testify to the final assortment and rearrangement of the disintegrated material as 
a result of ordinary sedimentation. 

The relations between this granite and arkose are of rather unusual scientific 
interest, showing, as they do, the pre-Huronlan existence of a basement or floor 
upon which these sediments were laid down, and which in this portion at h^ast 
has escaped the movements to which the Jjaurentian gneisses have been subjected. 
The granite is also somewhat different, both in composition and appearance, from 
the granites and gneisses classified as Laurentian, and which are so frequently 
referred to as the Fujidamental Gneiss or Basement Complex, although during 
recent years the assumption implied in these terms has been considerably w'eakened 
by the fact that the contact between such rocks and the associated elastics is, 
wherever examined, one of intrusion. On the other hand, the composition of the 
Huronian strata furnishes indubitable evidence of a pre-existing basement or floor 
essentially granitic in composition, while the abundance of red granite pebbles and 
fragments, which are so pre-eminently abundant in the breccio-conglomerato 
lying at the base of the Huronian system, are very similar in composition and 
appearance to the granite described above. This granite is, therefore, regarded 
by the authors as the only instance at present known in which the material com- 
posing the Huronian elastics can be clearly and directly traced, both macroscopi- 
cally and microscopically, to the original source from which it has been derived. 


3. Report on the Irish Elk Remains in the Isle of Man, See Reports, p. 34G. 


4. On some NicheliferOus Magnetites.^ By Willet G. Miller. 

An examination has recently been made of the ore from some of the larger 
deposits of titaniferous magnetite in eastern Ontario. These magnetites liave all 
been found to be nickeliferous, the amount of nickel (and cobalt) present in some 
being over 0'8 per cent. The non-titaniferous magnetites of the district have so 
far as examined been found not to contain nickel. 

The titanium-nickel holding magnetites are considered to be of igneous origin, 
while the other magnetites of the district are thought to be of aqueous or 
mechanical origin. 

The fact that iron produced from titaniferous ores is of a very high quality 
may have some connection with the occurrence of nickel in these ores. The 

' A short paper on this subiect will appear in the next Annual Report of the 
Ontario Bureau of Mines^ Toronto. 
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superior quality of such iron has been thought by some metallurgists to be due to 
the presence of titanium in it. 

Even a very small percentage of nickel in an iron ore would be of value if the 
nickel could be extracted along with the iron in smelting, as the resulting alloy 
might he used directly in the production of nickel- steel. 

There is reason to believe that magnetites will be found containing a higher 
percentage of nickel than those already examined, just as some of the Canadian 
pyrrhotites, which are also considered to be of igneous origin, contain amounts of 
nickel which make them valuable as ores, while others contain the metal in lesser 
amounts. 


5. Differentiation in Igneous Magmas as a result of Progressive 
Crystallisation. J. H. Teall, M.A., F.R.S. 

Crystal building in an originally homogeneous igneous magma necessarily 
produces differentiation into portions of different chemical composition, a fact the 
importance of which was first impressed upon the author sixteen years ago in study- 
ing the andesitic lavas and their associated quartz porphyry dykes in the Cheviot 
district. 

As is well known, Professor Roeenbusch has classified the common constituents 
of igneous rocks into (1) the ores and accessory constituents (including magnetite, 
&c.), (l2) the ferro-magnesian constituents, (3) the felspathic constituents, (4) free 
silica, and has maintained that members of group (1) are the first to form in the 
process of crystallisation, and that while there are irregularities of order between 
members of group (2) as compared with those of group (3), yet the members of 
these groups separate out inter se in the order of uicreasing acidity. This order of 
crystallisations has been emphasised by many writers, though it has also been 
clearly recognised that the law is not constant in different magmas and under 
different conditions. The object of the present communication is to call attention 
to what is at least an important exception to this law. 

Among an extensive series of rocks and fossils collected by the Jackson- 
Ilarmsworth expedition in Franz Josef Land, recently examined by the author and 
Mr. E, T. Newton, are many basalts essentially composed of labradorite, augite, and 
interstitial matter, in which labradorite formed first, then augite, and last of all 
the interstitial matter either with or without further differentiation. The main 
interest of these rocks lies in the composition and relations of the interstitial 
matter. This is occasionally present as a deep brown glass, but more often is 
represented either by palagonite or by a turbid and more or less doubly refracting 
substance crowded with skeleton-crystals of magnetite. In many specimens it is 
only in this form that magnetite occurs, the labradorite and augite being free from 
inclusions of this mineral. These facts prove that magnetite may belong to a very 
late stage of consolidation, and that progressive crystallisation may lead to a con- 
centration of iron oxides in the mother liquor. 

The palagonite has undoubtedly been formed by the hydration of a deep brown 
glass. An analysis was made of it with the following results : — 
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In the second column the water is neglected and the percentage composition of 
the remaining substances indicated. The analysis confirms the view that a great 
concentration of iron oxide has taken place, and suggests the further conclusion 
that there has been a concentration of magnesia and a reduction of the lime, silica, 
and alumina, thus agreeing with the results of the microscopic examination. 

Several observers arc quoted by the author as having established the fact that 
magnetite is not always one of the earliest minerals to form, and in basalts of the 
Franz Josef Land type there is clear evidence that a basic magma may consolidate 
without any separation of this mineral, although the mother-liquor may contain 
80 per cent, of iron oxides. 

Brdgger, Vogt, and others have observed a tendency in certain dykes for the 
molecular groups, of which the first-formed minerals are built to migrate towards 
the cooling margins. The cases examined are mostly those of intermediate rocks, 
in which the basic minerals are the first to form, so that the margins are more basic 
than the central parts. Jlut it appears probable that cases occur in which the 
opposite is true. If the magma of the Franz Josef Land basalts had cooled slowly 
in a fissure, we should expect to find the central portion of the dyke richer in iron 
oxide than the margin. Professor Lawson has described two basic dykes from the 
Kainy Lake region where this is actually the case, and a more striking illustration 
is seen in the Taberg iron-ore mass, described by Sjogren and Tornebohm, where 
the marginal portion of an eruptive mass about one square kilometre in area is formed 
of olivine-hyperite containing only small quantities of magnetite and olivine, 
which passes inward by gradual stages into a magnetite-olivinito without plagioclase. 

In conclusion, it is asked whether the metallic iron which occurs as interstitial 
matter in some of the Greenland basalts may not have been formed by the reduc- 
tion, by included organic matter, of the iron oxides previously concentrated by 
progressive crystallisation. 


6. The Glaciation of Norili^Central Canada, By J. B. Tyrrell. 

In the region immediately west of Hudson Bay the earliest glaciation, of which 
any traces were recognised, flowed outwards from a gathering-ground wliich lay 
north or north-west of Doobaunt Lake. Subsequently this gathering-ground 
moved south-eastward, until it centred over the country between Doobaunt and 
Yath-kyed Lakes. From one or other of these centres the ice seems, to the writer, 
to have flowed "westward and south-westward to within a short distance of the 
base of the Rocky Mountains ; southward, for more than J ,000 miles to the States 
of Iowa and Illinois ; eastward into the basin of Hudson Bay ; and northward into 
the Arctic Ocean. 

No evidence was discovered of any great elevation of this central area in 
Glacial, or immediately pre-Glacial, times, and, in the absence of such evidence, it 
would seem not improbable that the land then stood at about the same height 
above the sea as it stands at present. In this case the moisture giving rise to 
the immense precipitation of snow would have been derived from the adjacent 
waters of Hudson Bay and the Arctic Ocean. 

The name Keewatin glacier has been applied to this central continental ice- 
sheet. In general character it appears to have been somewhat similar to the great 
glacier of North-Western Europe, with a centre lying near the sea-coast, a steep 
and short slope seaward, and a very much longer a;id more gentle slope towards 
the interior of the continent. But there was this dilference between the two, that 
the centre of the latter was over a high rocky country, from which the ice naturally 
flowed outwards towards the surrounding lower country ^ while the centre of 
the former w^as over what is now, and was probably also then, a low-lying plain, 
on which the snow accumulated to such dopths^as to cause it to flow over country’ 
very considerably higher. 

After the Keewatiii p lacier had reached its full extent, it began gradually to 
decrease in size. As it disappeared from the Northern States, and the North-West 
Territories of Canada, it left a series of moraines, many of which can be readily 
traced across the unwooded country, as ridges of rounded stony hills. While 
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retiring down gradually descending slopes, many temporary extra-Glacial lakes 
were formed in front of it, and were drained one after another as it retired to still 
lower country. Before it had withdrawn from the Winnipeg basin, it was joined 
by an advancing glacier from the east, and in front of the two, Lake Agassiz, one 
of the largest of the extra-Glacial lakes, was formed. 

In its final stages the general gathering-ground of the Keewatin glacier seems 
to have moved still farther eastward, or nearer to the coast of Hudson Bay, and 
to have broken into several separate centres, one of which lay over the country 
south-east of Yath-kyed Lake, while another was probably located north of the 
head of Chesterfield Inlet. 

After the retirement of the Keewatin glacier the hind in the vicinity of 
Hudson Bay stood from 600 to 600 feet below its present level, and gradually rose 
to its present height. 


7. The Geoloqical IIo7'izons of some Nova Scotia Minerals, 
ihj E. Gilpin, Jr., LL,D., F.R.S.C. 

The principal geological horizons of Nova Scotia are the typically developed 
divisions of the Carboniferous, followed by interrupted representations of the 
succeeding divisions down to measures referred by the Geological Survey to the 
Laurentian. 

The Carboniferous affords copper, coal, iron, manganese, barytes, galena, gypsum, 
grindstone and building stone. The Devonian and Silurian are noted for beds of 
magnetite and hematite, principally in the Oriskany and Clinton horizons 
respectively. 

The Cambro-Silurian (Longmynd) in one section contains extensive deposits of 
auriferous quartz worked to some extent. 

The Laurentian exposed in Cape Breton has as yet received little attention 
from a mineralogical point, but is known to contain gold, copper, iron ore, mica, 
graphite, marble, &c. 


TUESDAY, AVGUST 21 . 

The following Ihipers and Beports were read : — 

1. On the Possible Identity of Bennettites, Williamsonia, and Zamites gigas. 

By A. C. Seward, M.A., F.GB., Cambridge. 

The author brings forward evidence in support of the organic connection 
between Williamsonia and the Cycadean fronds known as Zamites gig as, L. and H., 
and in favour of the close relationship, if not identity, of Oarruthers’ genera 
Bennettites and Williamsonia. 

In the earliest descriptions of the .Jurassic inflorescence known as Williamsonia 
Williamson and other authors regarded the genus as the fructification of the plant 
w^hich bore the leaves known as Zamites gigas. In 1876 Saporta expressed himself 
strongly against the generally accepted view as to the union of Williamsonia and 
Zamites. A recent examination of a series of specimens in the Paris Natural 
History Museum and elsewhere has convinced the author that Williamsonia and 
Zamites gigas are parts of the same plant. 

Evidence has been previously brought forward of the practical identity of 
Williamsonia and Bennettites. More recently acquired information leads to the 
conclusion that we are now familiar, not only ivith the nature of the Bennettitian 
type of inflorescence, but also with the character of the fronds which were, in some 
instances, associated with this Jurassic fructification. 

In view of the facts before us, it is advisable that the generic name Williamsonia 
should be substituted for the provisional and comprehensive term Zamites as the 
more- suitable generic name of Lindley and Hutton’s species Zamites gigas. 
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2. Glacial Geology of Western New York,^ 

By Herman LeRoy Fairchild, B,Sc, 

The glacial and glaciolacustrine phenomena of Western New York are 
remarkable for range and variety as well as for their excellent and typical develop- 
ment. The relation of the stratigraphy, topography and altitude of the area, with 
the effects of static waters and the retreating ice sheet have produced various 
interesting features. The retreatal moraines lie in two systems, conforming to> 
the ice bodies in the Erie and the Ontario basins. Drumlins are displayed in 
profusion and of great variety. They are mostly of elongated form, and support 
the theory of their origin as constructional forms of the ground moraine. Eskers 
are few, but of typical character, while kames are well developed, some of the 
kame areas being of great extent and mass. 

Thepre-Laurentian glacial waters have left an interesting series of well-developed 
shore lines. These belong to the stages known as Lake Warren and Lake Iroquois 
and the .intermediate falling waters. A differential post-glacial uplift of the 
region has produced deformation of the shore lines. The remarkable series of 
parallel valleys holding the several lakes known collectively as the ^ Finger ’ lakea 
produced a lobing of the retreating ice front, a localising of the moraines, and 
other significant modifications of the several phenomena. 

The paper was especially intended to give the non-American glacialists a brief 
general view of the various phenomena of the interesting region. The topics, 
briefly treated, are as follows : — Physical features, ice invasion, glacial deposits, 
glacio-aqueous deposits, glacial lakes, morainaf lakes, channels of glacial drainage, 
Ijost-glacial stream erosion. 


3. Second Rei:tort on Seismological Investigation. See Reports, p. 129. 


4. Earth Strains and Structure, By 0. H. Howarth. 

If we consider the case of any small suspended body subjected to external forces? 
and maintained in its position and motion by the resultant of those forces as we 
can observe them, it is safe to draw at least parallel conclusions in the case of tho 
earth as to similar efl’ects on an extended scale. It cannot follow that because, in 
the ease of a planetary body revolving in its orbit, we have to regard those forces 
as enormously greater in degree, and their action as extended over enormously 
greater periods of time, we must therefore attribute their results to a class of 
mechanical principles of which we have no cognisance. And amongst the causes 
whose operation we find recorded in the structure of our earth, there seems obvious 
reason to assume that the mam feature, and by far the most potent, is the constant 
variation in the balance of external strains to which such a body is subjected. If, 
as has been admitted by several authorities, these forces bear any part at all in the 
operations of planet-moulding, surely it follows that it must be immeasurably the 
greatest. That they operate often silently and in a manner only observable to us 
by indirect means, is a necessary consequence of our limited powers of perception. 

Yet it is surprising to note how large a number of visible effects — seismic, 
volcanic and structural — seem to be clearly accounted for if we apply on the 
greater scale of creation those conceptions of dynamic action which we derive 
from the smaller. It is because these vast developments of force are continually 
balancing and counteracting each other, and hence create no general cataclysm, 
that the continuity of their action may escape our observation. But if we realise 
‘proportionately the tremendous pressures and the no less tremendous relaxa- 
tions of pressure under which this ceaseless ‘ kneading ’ action proceeds, we must 
see that the parallel results obtained in a small-scale experiment, however 
inexact the imitation may be in detail, offer a comparison by no means so 

* Published i i extenso in the Geological Magazine^ 1897, Dec. 4, iv. p. 629., 



TRANSACTIONS OF SECTION C. 


665 


imaginary as may be thought at first sight. Such forces, exerted under like 
conditions upon the mass of the earth, ever struggling, as it were, for 
supremacy, and meeting with all the varying resistances due to widely diftering 
qualities of material, are necessarily sources of an enormous generation of heat 
wherever a readjustment of that material, even to the slightest extent, ensues. 
If we conceive such a movement of compressed matter upon itself at a depth of, 
say, two or three miles within the substance of the earth, a development of heat 
must occur which, on the release of the strain, will result in the fusion of those 
particles around large areas of disturbance. 

Amongst the many indications of such actions, instances can be quoted where 
the maxima and minima of chronic volcanic eruption are demonstrably concurrent 
with those of the tidal strain. In the same manner we can trace to this constant 
variation of strains many of the more permanent evidences in geological structure, 
such as the formation of fissure veins and the lamination of igneous rocks — a 
process wholly distinct from that of sedimentary strata deposited by the action of 
fiuctuating currents of water. The columnar structure of basaltic rocks caused 
by a gradual release from compressive strain acting equally in all directions may 
also be illustrated by a small scale experiment. 


5. PalcEozoic Geography of the Eastern States. 

By E. W. Claypole, B.A.^ I). Sc., London. 

An attempt to sketch in outline the general course of the geographical and 
hydrographical changes which marked the mid-Palmozoic eras in the eastern part 
of the United States. The subdivision of tlie Silurian and Devonian eras is carried 
as far as attainable data allow, and the extinct geography shown by a series of 
lantern-slides. 


6, On the Structure and Origin of certain Rocks of the Lanrentian System, 
By Frank D. Adams, Ph.D., F.R.S.C., McGUl University^ Montreal, 

The paper presents the results of recent and somewhat extended studies of 
several areas of the Laurentian of Canada, and deals more particularly with the 
origin of certain members of this system as indicated by their structure or com- 
position. While it is impossible in the present state of our knowledge to arrive at 
any definite conclusions concerning the origin of many, or perhaps even of the 
majority, of the rocks composing the Ijaurentian, the origin of certain members of 
the system can be determiued. Some of these, although now possessing a more or 
less distinct and even highly pronounced foliation or stratiform appearance, can be 
proved to be igneous or intrusive rocks, while it can be shown that others are of 
aqueous origin. 

To the former class belong the anorthosites and many of the orthoclase- 
gneisses. These rocks, although frequently distinctly foliated, can in many places 
be traced into perfectly massive varieties, and form great intrusions, interrupting 
and cutting on the older members of the system. The foliation and stratiform 
appearance which led the older geologists to class them as altered sediments is due- 
to movements induced by pressure, and they show protoclastic or cataclastic 
structure in great perfection. 

To the aqueous rocks, on the other hand, belong the crystalline limestones and 
certain gneisses usually associated with them. These rocks not only difier in 
structure from those above referred to, but have a chemical composition not 
possessed by any igneous rock. The cataclastic structures are very subordinate,, 
and the rocks are characterised by a very extensive recrystallisation, accompanied 
by the development of new minerals. 

It may therefore be said, without going beyond that which the facts warrant, 
that there are in the Laurentian at least two distinct sets of foliated rocks. Ono 
of these, comprising the limestones, some quartzites, and certain garnetiferous or 
sillimanite gneisses, represents, in all probability, highly altered and extremely 
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ancient sediments. The other set, intimately associated with these, is of iffneoiis 
origin, and comprises numerous and very extensive intrusions, both acid and basic 
in character, which were probably injected at widely separated times. Those 
masses which were first intruded, and nave been subjected to all the subsequent 
squeezing and metamorphism, are now represented by well-defined and apparently 
interstratified augen-gneisses and granulites; others, intruded at later periods, 
though showing the effects of pressure, retain more or less of their massive 
character ; while still others, which have been injected since all movements ceased, 
are recognised by all as undoubted igneous intrusions. 

7. Report on riiotof/raphs of Geological liitere&t. See Reports, p. 298. 


^VEBNEi<I)Ay, AUGUST 2r,. 

1. Joint discussion with Section H. on ‘ The First Traces of Man in 
America.’ 

2, Exhihitlon of the Ferrler GoUectlon of Minerals 
in the. Biological Museum. 

3. Exliihition of the Coll eef ion of Canadian Fossils in the 
Museum of the School of Practical Scienice. 

4. Exhibition of a Collection of Devonian Fossils from Western Ontario 
in the Section Room. By Dr. S. WooLvekton, London^ Ontario. 

-T). Exhibit io7i of a Collection of British Geological Photogi'aphs 
in the Section Room. 
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Section D. — ZOOLOGY. 

PEESiDExr or THE Section— Professor L. C. Miall, F.P.S. 


THURSDAY, AUGUST 19. 

The President delivered the following Address : — 

It has long been my conviction that we study animals too much as dead things. 
AVe name them, arrange them according to our notions of their likeness or 
unlikeness, and record their distribution. Then perhaps we are satisfied, forgetting 
that we could do as much with minerals or remarkable boulders. Of late years 
we have attempted something more ; we now teach every student of Zoology to 
dissect animals and to attend to their development. This is, I believe, a solid and 
lasting improvement; we owe it largely to Huxley, though it is but a revival of 
the method of Hollinger, who may be judged by the eminence of his pupils and 
by the direct testimony of Baer to have been one of the very greatest of biological 
teachers. But the animals set before the young zoologist are all dead ; it is much 
if they are not pickled as well. When he studies their development, he works 
chiefly or altogether upon continuous sections, embryos mounted in balsam, and 
wax models. He is rarely encouraged to observe live tadpoles or third-day chicks 
with beating hearts. As for what Gilbert White calls the life and conversation of 
animals, how they defend themselves, feed, and make love, this is commonly passed 
over as a matter of curious hut not very important information ; it is not reputed 
scientific, or at least not eminently scientitic. 

Why do we study animals at all ? Some of us merely want to gain practical 
skill before attempting to master the structure of the human body; others hope to 
qualify themselves to answer the questions of geologists and farmers ; a very few 
wish to satisfy their natural curiosity about the creatures which they find in the 
wood, the held, or the sea. But surely our chief reason for studying animals ought 
to he that we would know more of life, of the modes of growth of individuals and 
races, of the causes of decay and extinction, of the adaptation of living organisms to 
their surroundings. Some of us even aspire to know in outline the course of life 
upon the earth, and to learn, or, failing that, to conjecture, how life originated. 
Our own life is the thing of all others which interests us most deeply, but every- 
thing interests us which throws even a faint and reflected light upon human life. 
Perhaps the professor of Zoology is prudent in keeping so close as he does to the 
facts of structure, and in shunning the very attempt to interpret, but while he wins 
safety he loses his hold upon our attention. Morphology is very well ; it may bo 
exact ; it may prevent or expose serious errors. But Morphology is not an end in 
itself. Like the systems of Zoology, or the records of distribution, it draws 
whatever interest it possesses from that life which creates organs and adaptations. 
To know more of life is an aim as nearly ultimate and self-explanatory as any 
purpose that man can entertain. 

Can the study of life be made truly scientific ? Is it not too vast, too inacces- 
sible to human faculties ? If we venture into this alluring field of inquiry, shall 
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we gain results of permanent value, or shall we bring back nothing better than 
unverified speculations and curious but unrelated facts ? 

The scientific career of Charles Darwin is, I think, a sufficient answer to such 
doubts. I do not lay it down as an article of the scientific faith that Darwin’s 
theories are to be taken as true ; we shall refute any or all of them as soon as we 
know how ; but it is a great thing that he raised so many questions which were well 
worth raising. He set all scientific minds fermenting, and not only Zoology and 
Botajiy, but Palaeontology, History, and even Philology bear some mark of his 
activity. Whether his main conclusions are in the end received, modified, or 
rejected, the effect of his work cannot be undone. Darwin was a bit of a sports- 
man and a good deal of a geologist ; he was a fair anatomist and a working 
systematist; ho keenly appreciated the value of exact knowledge of distribution. 
I hardly know of any aspect of natural history, except synonymy, of which he 
^oke with contempt. But ho chiefly studied animals and plants as living beings. 
They were to him not so much objects to bo stuck through with pins, or pickled, 
or dried, or labelled, as things to be watched in action. He studied their diffi- 
culties, and recorded their little triumphs of adaptation with an admiring smile. 
We owe as many discoveries to his sympathy with living nature as to his exact- 
ness or his candour, though these too were illustrious. It is not good to idolise 
even our greatest men, but we should try to profit by their example, I think that 
a young student, anxious to be useful but doubtful of his powers, may feel sure 
that he is not wasting his time if he is collecting or verifying facts which would 
have helped Darwin. 

Zoologists may justify their favourite studies on the ground that to know the 
structure and activities of a variety of animals enlarges our sense of the possi- 
bilities of life. Surely it must be good for the student of Human Physiology, to 
take one specialist as an example of the rest, that he should know of many ways in 
which the same functions can be discharged Let him learn that there are animals 
(star-fishes) whose nervous system lies on the outside of the body, and that in 
other animals it is generally to be found there during some stage of development ; 
that there are animals whose circulation reverses its direction at frequent intervals 
either throughout life (Tunicata) or at a particular crisis (insects at the time of 
pupation) ; that there are animals with eyes on the back (Oncidiiim, Scorpion), 
on the shell (some Chitonidee), on limbs or limb-like appendages, in the brain- 
cavity, or on the edge of a protective fold of skin ; that there are not only eyes of 
many kinds with lenses, but eyes on the principle of the pin-hole camera without 
lens at all (Nautilus) and of every lower grade down to mere pigment-spots ; that 
auditory organs may be borne upon the legs (insects) or the tail (Mysis) ; that 
they may be deeply sunk in the body, and yet have no inlet for the vibrations of 
the sonorous medium (many aquatic animals). It is well that he should know of 
animals with two tails (Oercaria of Gasterostomum) or with two bodies per- 
manently united (Diplozoon) ; of animals developed within a larva which lives for 
a considerable time after the adult has detached itself (some star-fishes and 
Nemertines) ; of animals which lay two (Daphnia) or three kinds of eggs (liotifera) ; 
of eggs which regularly produce two (Lumbricus trapezoides) or even eight 
embryos apiece (Praopus^); of males which live parasitically upon the female 
(Cirripedes), or even undergo their transformations, as many as eighteen at a time 
in her gullet (Bonellia) ; of male animals which are mere hags of sperm-cells (some 
Ilotifera, some Ixodes, parasitic Copepods) and of female animals which are mere 
hags of eggs (Sacculina, Entoconcha). The more the naturalist knows of such 
strange deviations from the familiar course of things, the better will he he prepared 
to reason about what he sees, and the safer will he he against the perversions of 
hasty conjecture. 

If a wide knowledge of animals is a gain to Physiology and every other 
branch of Biology, what opportunities are lost by our ignorance of the early stages 
of so many animals ! They are often as unlike to the adult in structure and 

‘ Hermann von Jhering, Sitz. Berl. Ahad., 1885; Biol. Centralhl.y Bd. vi 
pp. 5.82-531) (l^JSfi). 
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function as if they belongred to different genera, or even to different families. 
Zoologists have made the wildest mistakes in classifying larvae whose subsequent 
history was at the time unknown. The naturalist who devotes himself to life- 
histories shares the advantage of the naturalist who explores a new continent. A 
wealth of new/forms is opened out before him. Though Swammerdam, Reaumur, 
De Geer, Vaughan Thompson, Johannes Muller and a crowd of less famous 
naturalists have gone before us, so much remains to be done that no zealous 
inquirer can fail to discover plenty of untouched subjects in any wood, thicket, 
brook or sea. 

Whoever may attempt this kind of work will find many difficulties and many 
aids. lie will of course find abundant exercise for all the anatomy and physiology 
that he can command. He will need the systems of descriptive Zoology, and will 
often be glad of the help of professed systematists. The work cannot be well 
done until it is exactly known what animal is being studied. For want of this 
knowledge, hardly attainable 150 years ago, R(^aumur sometimes tells us curious 
things which we can neither verify nor correct; at times we really do not know 
what animal he had before him. The student of life-histories will find a use for 
physics and chemistry, if he is so lucky as to remember any. Skill in drawing is 
valuable, perhaps indispensable. 

If by chance I should bo addressing any young naturalist who thinks of attend- 
ing to life-histories, I would beg him to study his animals alive and under natural 
conditions. To pop everything into alcohol and make out the names at home is 
the method of the collector, but life-histories are not studied in this way. It is 
often indispensable to isolate an animal, and for this purpose a very small habita- 
tion is sometimes to be preferred. The tea-cup aquarium, for instance, is often better 
than the tank. Rut we must also watch an animars behaviour under altogether 
natural circumstances, and this is one among many reasons for choosing our subject 
from the animals which are locally common. Let us be slow to enter into con- 
troversies. After they have been hotly pursued for some time, it generally turns 
out that the disputants have been using words in different senses. Riscuksion is 
excellent, controversy usually barren. Yet not always ; the Dar^v^nian controversy 
was heated, and nevertheless eminently productive ; all turns upon the temper of 
the men concerned, and the solidity of the question at issue. One more hint to 
young students. Perhaps no one over carried through a serious bit of work without 
in some stage or other longing to drop it. There comes a time when the first 
impulse is spent, and difficulties appear which escaped notice at first. Then most 
men lose hope. That is the time to show that we are a little better than mo'^t 
men. I remember as a young man drawing much comfort from the advice of a 
colleague, now an eminent chemist, to whom I had explained my difficulties and 
fears. All that he said was : ‘ Keep at it,’ and I found that nothing more was 
wanted. 

I greatly believe in the value of association. It is good that two men should 
look at every doubtful structure and criticise every interpretation. It is often 
good that two talents should enter into partnership, such as a talent for description 
and a talent for drawing. It is often good that an experienced investigator should 
choose the subject and direct the course of work, and that he should be helped by 
a junior, who can work, hut cannot guide. It seems to me that friendly criticism 
before publication is often a means of preventing avoidable mistakes. I am sorry 
that there should he any kind of prejudice against co-operation, or that it shoiili 
be taken to be a sign of weakness. There are, I believe, very few men who are 
so strong as not to he the better for help. One difficulty would he removed if 
known authors were more generous in acknowledging the help of their assistants. 
They ought not to he slow to admit a real helper to such honour as there may be 
in joint-authorship. 

Among the most important helps to the student of life-histories must he 
mentioned the zoological stations now maintained by most of the great nations. 
The parent of all these, the great zoological station at Naples, celebrated its 
twenty-fifth anniversary last April, so that the whole movement belongs to our 
own generation. How would Spallanzani and Vaughan Thompson and Johannes 
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Muller have rejoiced to see such facilities for the close investigation of the animal 
life of the sea ! The English-speaking^ nations have taken their fair share of the 
splendid work done at Naples, and it is pleasant to remember that Darwin sub- 
scribed to the first fund, while the British Association, the University of Cambridge 
and the Smithsonian Institution have maintained their own tables at the station.^ 
The material support thus given is small when compared with the subsidies of the 
German Government, and not worth mention beside the heroic sacrifices of the 
Director, Dr. Anton Dohrn, but as proofs of lively interest in a purely scientific 
enterprise they have their value. Marine stations have now multiplied to such a 
point that a bare enumeration of them would be tedious. Fresh-water biological 
stations are also growing in number. Forel set an excellent example by his in- 
vestigation of the physical and biological phenomena of the Lake of Geneva. Dr. 
Anton Fritsch of Prag followed with his movable station. There is a well- 
equipped station at Plon among the lakes of Holstein, and a small one on the 
Muggelsee near Berlin. The active station of Illinois is known to me only by the 
excellent publications which it has begun to issue. France, Switzerland, Sweden 
and Finland all have their fresh-water biological stations, and I hope that England 
will not long remain indifferent to so promising a sphere of investigation. 

Biological work may answer many useful purposes. It may be helpful to in- 
dustry and public health. Of late years the entomologist has risen into sudden 
importance by the vigorous steps taken to discourage injurious insects. I have 
even known a zoological expert summoned before a court of law in order to say 
whether or not a sword-fish can sink a ship. • I would not on any account run 
down the practical applications of Biology, but I believe that the first duty of the 
biologist is to make science, and that science is made by putting and answering' 
questions. We are too easily drawn off from this, which is our main business, by 
self-imposed occupations, of which we can often say nothing better than that they 
do no harm except to the man who undertakes them. Hiere are, for example, a 
good many lists of species which are compiled witliout any clear scientific object. 
We have a better prospect of working to good purpose when we try to answer 
definite questions. I propose to spend what time remains in putting and answering 
as well as I can a few of the questions which occur to any naturalist who occupies 
himself with life-histories. Even a partial answer — even a mistaken answer is 
better than the blank indifference of the collector, who records and records, but 
never thinks about his facts. 

The first question that I will put is this : — Why do some animals undi'Vgo 
transformation while others do not? It has long been noticed ~ that as anile 
fresh-water and terrestrial animals do not go through transformation, while their 
marine allies do. Let us take half-p-dozen examples of each : — 


Fluviatile or terredriah 
Without transformation. 
Crayfish. 

Earthworm. 

Helix. 

Cyclas. 

Hydra. 

&c. 


Marino. 

With transformation. 

Crab. 

Polygordius. 

Doris, ffilolis. 

Oyster. 

Most Hydrozoa. 


We get a glimmer of light upon this characteristic difference when we remark 
that in fresh-water and terrestrial species the eggs are often larger than in the 
allied marine forms. A large egg favours embryonic as opposed to larval develop- 
ment. An embryo which is formed within a largo egg may feed long upon the 
food laid up for it, and continue its development to a late stage before hatching. 
But if there is little or no yolk in the egg, the embryo will turn out early to shift 
for itself. It will be born as a larva, provided with provisional organs suited to 
its small size and weakness. Large eggs are naturally fewer than small ones. 


* To this list may now be added the University of Oxford. 

2 Darwin, Origin of Species, chap. xiii. ; Fritz Muller, Fur Barmin^ chap. vii. 
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Does the size depend on the number, or the number on the size ? To answer in 
a word, I believe that the size generally depends on the number, and that the 
number is maiidy determined by the risks to which the species are exposed. At 
least so many eggs will in general be produced as can maintain the numbers of 
the species in spite of losses, and there is some reason to believe that in fresh waters 
the risks are less than in the shallow seas or at the surface of the ocean.^ In most 
parts of the world the fresh waters are of small size, and much cut up. Every 
river-basin forms a separate territory. Isolation, like every other kind of artificial 
restriction, discourages competition, and impedes the spread of successful competi- 
tors. In the shallow seas or at the surface of the ocean conquering forms have a 
free course ; in lakes and rivers they are soon checked by physical barriers. 

A largo proportion of animals are armour-clad, and move about with some 
difficulty wheu they have attained their full size. The dispersal of the species is 
therefore in these cases effected hy small and active larvae. Marine animals (whether 
littoral or pelagic) commonly produce vast numbers of locomotive larvae, which 
easily travel to a distance. Floating is easy, and swimming not very difficult. A 
very slightly built and immature larva can move about by cilia, or take advantage 
of currents, and a numerous brood may be dispersed far and wide while they are 
mere hollow sacs, without mouth, nerves or sense-organs. Afterwards they will 
settle down, and begin to feed. In fresh waters armour is as common, for all that 
1 know, as in the sea, hut locomotive larvae are rare.'-* There is no space for effec- 
tive migration. Even a heavy-armoured and slow-moving crustacean or pond- 
siiail can cross a river or lake, and to save days or hours is unimportant. In rivers, 
as Sollas has pointed out, free-swimming larvae would he subject to a special risk, 
that of being swept out to sea. This circumstance may have been influential, but 
the diminished motive for migration is probably more important. At least an 
occasional transport to a now area is indispensable to most freshwater organisms, 
an<l very unexpected modes of dispersal are sometimes employed, not regularly in 
each generation, but at long intervals, as opportunify offers. 

Early migration by land is nearly always out of the question. Walking, and 
still more flying, are difficult exercises, wliich call for muscles of complex arrange- 
ment and a bard skeleton. A very small animal, turned out to shift for itself on 
land, would in most cases perish without a struggle. There might be just a 
chance fiir it, if it could resist superficial drying, and were small enough to be 
blown about by the wind (Infusoria, Kotifera, and certain minute Crustacea), or 
if it were born in a wet pasture, like some parasitic worms. 

We can define two policies between which a species can make its choice. It 
may produce a vast number of eggs, which will then he pretty sure to be small 
and ill-furnisbed with yolk. The young will hatch out early, long before their 
development is complete, and must migrate at once in search of food. They will, 
especially if the adult is slow-moving or sedentary, he furnished with simple and 
temporary organs of locomotion, and will generally be utterly unlike the parent. 
The majority will perish early, hut one here and there will survive to carry on 
the race. 

Or the parent may produce a few eggs at a time, stock them well with yolk, 

' Indications are given by the survival in fresh waters of declining groups, e g.y 
Ganoid Fishes, which, when dominant, maintained themselves in the sea ; and by the 
not uncommon case of marine animals which enter rivers to spawn. 1 do not at- 
tempt to count among these indications the supposed geological antiquity of fluvia- 
tile as compared with marine animals. Some marine genera are extremely ancient 
(Lingula, Nucula, Trigonia, Nautilus); a perfectly fair comparison is almost impos- 
sible ; and great persistence does not necessarily imply freedom from risks. In the 
Mollusca, which afford a good opportunity of testing the effect of habitat upon the 
number of the eggs, marine species seem to produce more eggs as a rule than fluvia- 
tile, and these many more than terrestrial species 

2 Dreyssensia and Cordylophora are examples of animals which seem to have 
quite recently become adapted to fresh-water life, and have not yet lost their loco- 
motive larvrn. Many instances could be quoted of marine forms which have become 
fluviatile. The converse is, I believe, comparatively rare. 
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and perhaps watch over them, or even hatch them within her own body. The 
voung will in such cases complete their development as embryos, and when 
Iiatched, will resemble the parent in everything but size. 

Which policy is adopted will largely depend upon the number of the family 
and the capital at command. There are animals which are like well-to-do people, 
who provide their children with food, clothes, schooling, and pocket-money. 
Their fortunate offspring grow at ease, and are not driven to premature exercise of 
their limbs or wits. Others are like starving families, which send the children, 
long before their growth is completed, to hawk matches or newspapers in the 
streets. 

In Biologv we have no sooner laid down a principle than we begin to think of 
exceptions. The exceptions may be apparent only ; they may, when fully under- 
stood, confirm instead of disturbing the general principle. But this rarely 
happens unless the principle is a sound one. Exceptio prohat regulam ; it is the 
exception which tests the rule, to give a new application to an old maxim. 

Parasites form one group of exceptions to our rule. Whether they pass their 
free stages in air, water or earth, whether their hosts are marine, fluviatile or 
terrestrial, they are subject to strange transformations, which may be repeated 
several times in the same life-history. The change from one host to another is 
often a crisis of dilliculty ; many fail to accomplish it ; those which succeed do so 
by means of some highly peculiar organ or instinct, wliicli may be dropped as 
quickly as it is assumed. The chances of failure often preponderate to such an 
extent that an enormous number of eggs must be liberated. Even a brief para- 
sitism may produce a visible eflect upon the life-history. The young Unio or 
Anodon attaches itself for a short time to some fish or tadpole. To this temporary 
parasitism is due, as I suppose, the great number of eggs produced, and a degree of 
metamorphosis, unusual in a fresh-water mollusk. 

The Cephalopoda, which are wholly marine, and the Vertebrates, whatever 
their habitat, very rarely exhibit anything which can be called transformation. 
Some few cases of Vertebrate transformation will be discussed later. Cephalopods 
and Vertebrates are large, strong, quick-witted animals, able to move fast, and 
quite equal in many cases to the defence of themselves and their families. They 
often produce few young at a time, and take care of them (there are many 
examples to the contrary among Cephalopods and Fishes). They are generally 
able to dispense with armour, which would have indirectly favoured trans- 
formation. 

Echinoderms, which are all marine, develop with metamorphosis. There is 
an interesting exception in the Echinoderms with marsupial development, which 
develop directly, and give an excellent illustration of the effect of parental care. 

Insects, which as terrestrial animals should lay a few large eggs, and develop 
directly, furnish the most familiar and striking of all transformations. I have 
already discussed this case at greater length than is possible just now.^ I have 
pointed out that the less specialised insect-larva?, e.g. those of Orthoptera, make a 
close approach to some wingless adult insects, such as the Thysanura, as well as 
to certain Myriopods. Fritz Muller seems to me to be right in saying that the 
larva? of non-metamorphic insects come nearer than any winged insect to primi- 
tive Tracheates. The transformation of the Bee, Moth, or Blow-fly is transacted 
after the stage in which the normal Tracheate structure is attained, and I look 
upon it as a peculiar adult transformation, having little in common with the 
transformations of Echinoderms, Mollusks, or Crustaceans. 

In the same way I believe that some Amphibia have acquired an adult trans- 
formation. Frogs and toads, having already as tadpoles attained the full develop- 
ment of the more primitive Amphibia, change to lung-breatbing, tailless, 
land-traversing animals, able to wander from the place of tbeir birth, to seek 
out mates from other families, and to lay eggs in new sites. 

IMedusie furnish a third example of adult transformation, which seems to find 
its explanation in the sedentary habit of the polyp, which probably nearly 
approaches the primitive adult stage. But here the case is further complicated, 

^ Nature^ Dec. 19, 1895. 
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for the polyp still proceeds from a planula, which is eminently adapted for loco- 
motion, though perhaps within a narrower range. We have two migratory stages 
in the life-history. Each has its own advantages and disadvantages. The planula, 
from its small size, is less liable to be devoured, or stranded, or dashed to pieces, 
but it cannot travel far ; the medusa may cross wide seas, but it is easily captured 
and is often cast up upon a beach in countless multitudes. 

Adult transformation may be recognised by its occurrence after the normal 
structure of the group has been acquired, and also by its special motive, which is 
egg-laying and all that pertains to it ; the special motive of larval transformation 
is dispersal for food. 

The reproduction of the common Eel has been a mystery ever since the days of 
Aristotle, though a small part of the story was made out even in ancient times. 
It was long ago ascertained that the Eel, which seeks its food in rivers, descends 
to the sea in autumn or early winter, and that it never spawns, nor even becomes 
mature in fresh waters. The Eels which descend to the sea never return, but 
young eels or Elvers come up from the sea in spring, millions at a time. Tho 
Elvers have been seen to travel along tho bank of a river in a continuous band or- 
eel-rope, which has been known to glide upwards for fifteen days together. It 
was of course concluded that spawning and early development took place in the 
sea during the interval between the autumn and spring migration, hut no certain, 
information came to hand till 1896. Meanwliile this gap in our knowledge was a. 
perplexity, almost a reproach to zoologists. The partially-known migration of tlu> 
Eel could not be harmonised with the ordinary rule of migratory fishes. We tried 
to explain the passage of marine fishes into rivers at spawning time by the supposi- 
tion (a true supposition, as I think) that the river is less crowded than the 
shallow seas, and therefore a region in which competition is less severe. The river 
is to some migratory fishes what the tundras of Siberia are to some migratory birds,, 
places comparatively free from dangerous enemies, and therefore fit for the rearing of 
the helpless young. But the Eel broke the rule, and cast doubt upon the explanation. 
The Salmon, Sturgeon and Lamprey feed and grow in the sea, and enter rivers to 
spawn. The Eel feeds and grows in rivers, hut enters the sea to spawn. What 
possible explanation could meet cases thus diametrically opposite ? 

This was the state of matters when Grass! undertook to tell us that part of the- 
history of the Eel which is transacted in the sea. When it leaves the river, it 
makes its way to very deep water, and there undergoes a change. The eyes 
enlarge, and become circular instead of elliptical ; the pectoral tins and the border 
of the gill-cover turn black ; tho reproductive organs, only to he discovered by 
microscopic search before this time, enlarge. The Eels, thus altered in appearance 
and structure, lay their eggs in water of not less than 250 fathoms’ depth. The 
upper limit of the spawning-ground is nearly three times as far from sea-level aa 
the 100-fathom line which we arbitrarily quote as the point at which the deep sea 
begins. The eggs, which are large for a fish mm. diam.), float but do not 
rise. The young which issue from them are quite unlike the Eels of our rivers ; 
they are tape-like, transparent, colourless, devoid of red blood and armed with 
peculiar teeth. A number of dili’erent kinds of such fishes had been previously 
known to the naturalist as Lejptocephali. Giintber had conjectured that they were- 
abnormal larvie, incapable ot further development. Grassi has, hoAvever, suc- 
ceeded in proving that one of these Loptocephali (L. brevirostris) is simply a 
larval Eel ; others are larvm of Congers and \arious Muroenoid fishes, lie liaa- 
with infinite pains compared a number of Leptocephali, and co-ordinated their 
stages, making out some particularly important ones by the direct observation of 
live specimens. 

You will not unnaturally ask how Gra.ssi or anybody else can tell whg,t goe.s 
on in the sea at a depth of over 250 fathoms. His inquiries were carried on at 
Messina, where the local circumstances are very fortunate. Strong currents now 
and then boil up in the narrow strait, sweeping to the surface eggs, larvae, and a 
multitude of other objects which at ordinary seasons lie undisturbed in the tran- 
quil depths. Further information has been got by dredging, and also by opening 
the body of a sun-fish (Orthagoriscus mola), which at certain times of the year la 

1897. X X 



674 


REPORT — 1897 , 


taken at tlie surface, and is always found to contain a number of Leptocephali. 
When a Leptocephalus has completed its first stage of ^owth, it ceases to feed, 
loses bulk, and develops pigment on the surface of the body. At the same time 
the larval teeth are cast, and the larval skeleton is replaced. Then the fish begins 
to feed again, comes to the surface, enters the mouth of a river, and, if caught, is 
immediately recognised as an Elver or young Eel. It is now a year old, and about 
two inches long. 

This history suggests a question. Are the depths of the sea free from severe 
competition ? The darkness, which must be nearly or altogether complete, 
excludes more than the bare possibility of vegetation. A scanty subsistence for 
animals is provided by the slowly decomposing remains of surface-life. When the 
dredge is sunk so low, which does not often happen, it may bring up now and 
then a peculiar and specially modified inhabitant of the dark and silent abyss. 
There cannot, we should think, be more than the feeblest competition where living 
things are so few, and the mode of life so restricted. Going a step further, wo 
might predict that deep-sea animals would lay few eggs at a time, and that tiiese 
would develop directly — i.e. without transformation. The risk of general reason- 
ing about the afiairs of living things is so great that we shall hold our conjectures 
cheap unless they are confirmed by positive evidence. Happily this can be sup- 
plied. -The voyage of the ‘ Challenger ’ has yielded proof that the number of 
species diminishes with increasing depth, and that below 300 fathoms living things 
are few indeed.^ Hr. John Murray gives us the result of careful elaboration of all 
the facta now accessible, and tells us that ‘the majority of the abyssal species 
develop directly.® 

We seem therefore to have some ground for believing that the depths of the 
sea resemble the fresh waters in being comparatively free from enemies dangerous 
to larvae. The Eel finds a safe nursery in the depths, and visits them for the same 
reason that leads some other fishes to enter rivers. It may be that the depths of 
the sea are safer than rivers, in something like the same degree and for the same 
reasons that rivers are safer than shallow seas. But we must be careful not to go 
too fast. It may turn out that deep recesses in the shallower seas — holes of 
limited extent in the sea-bottom — enjoy an immunity from dangerous enemies not 
shared by the great and continuous ocean-floor.^ 

After this short review of the facts I come to the conclusion that the general 
rule which connects the presence or absence of transformation with habitat is well- 
founded, but that it is apt to be modified and even reversed by highly special 
circumstances. The effect of habitat may for instance be overruled by parasitism, 
parental care, a high degree of organisation, or even by a particular trick in egg- 
laying. The direct action of the medium is probably of little consequence. Thus 
the difference between fresh and salt water is chiefly important because it prevents 
most species from passing suddenly from one to the other. But the abyssal and 
the fluviatile faunas have much in common, as also have the littoral and the 
pelagic faunas. Belative density and continuity of population seem to he of vital 
importance, and it is chiefly these that act upon the life-history. 

In Zoology, as in History, Biography, and many other studies, the most inter- 
esting part of the work is only to be enjoyed by those who look into the details. 
To learn merely from text-hooks is notoriously dull. The text-hook has its uses, 
but, like other digests and abridgments, it can never inspire enthusiasm. It is 
the same with most lectures. Suppose that the subject is that well-worn topic, 
the Alternation of Generations. The name recalls to many of us some class-room 
of our youth, the crudely coloured pictures of unlikely animals which hung on 
the walls, and the dispirited class, trying to write down from the lecture the irre- 
ducible minimum which passes a candidate. The lecturer defines his terms and 

* Challenger Reports. Summary of Scientiflc Results (1895), pp. 1430-6. 

“ Nature, March 25, 1897. 

• 1 am aware that other things affect the interests of animals, and indirectly 
determine their structure, besides danger from living enemies. So complicated a 
subject can only be discussed in a short space if large omissions are tolerated. 
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quotes his examples ; "we have Salpa, and Aurelia, and the Fern, and as many 
more as time allows. How can he expect to interest anybody in a featureless 
narrative, which gives no fact with its natural circumstances, but mashes the 
whole into pemmican ? What student goes away with the thought that it would be 
good and pleasant to add to the heap of known facts ? The heap seems needlessly 
big already. And yet every item in that dull mass was once deeply interesting, 
moving all naturalists and many who were not naturalists to wonder and delight. 
The Alternation of Generations worked upon men’s minds in its day like Swam- 
merdam’s discovery of the butterfly within the caterpillar, or Trembley’s discovery 
of the budding Hydra, which when cut in two made two new animals, or BonneCs 
discovery that an Aphis could bring forth living young without having ever met 
another individual of its own species. All these wonders of nature have now 
been condensed into glue. But we can at any time rouse in the minds of our 
students some little of the old interest, if we will only tell the tale as it was told 
for the first time. 

Adalbert Chamisso, who was in his time court-page, soldier, painter, traveller, 
poet, novelist, and botanist, was the son of a French nobleman. When he was 
nine years old, he and all the rest of the family were driven out of France by the 
French Revolution. Chamisso was educated anyhow, and tried many occupations 
before he settled down to Botany and light literature. In 1815 he embarked with 
Eschscholtz on the Russian voyage round the world commanded by Kotzebue. 
The two naturalists (for Chamisso is careful to associate Eschscholtz with himself, 
and even to give him priority) discovered a highly curious fact concerning the 
Salpae, gelatinous Tunicates which swim at the surface of the sea, sometimes in 
countless numbers. There are two forms in the same species, which difter in 
anatomical structure, but especially in this, that one is solitary, the other compo- 
site, consisting of many animals united into a chain which may be yards long. 
Chamisso and Eschscholtz ascertained that the solitary form produces the chain- 
form by internal budding, while tlie chain-form is made up of hermaphrodite animals 
which reproduce by fertilised eggs.' There is tbu.s, to use Cbamisso’s own words, 
<aii alternation of generations. . , . Jt is as if a caterpillar brought forth a 
butterfly, and then the butterfly a caterpillar.’ Here the phrase hrinr; forth is 
applied to two very difterent processes, viz. sexual reproduction and budding. 
Oharaisso’s phrase, ^ alternation of generations,’ is not exact. Huxley would sub- 
stitute alteriiation. of geiie ration with gcmmationy and if for shortness we use the 
old term, it must be with this new meaning. Subsequent investigation, besides 
adding many anatomical details, has confirmed one interesting particular in 
Cbamisso’s account, viz. that the embryo of Salpa is nourished by a vascular 
placenta.* The same voyage yielded also the discovery of Appendicularia, a 
permanent Tunicate tadpole, and the first tadyiolo found in any Tunicate. 

Some ten years after the publication of Cfiami'-so’s alternation of generations 
in Salpa, a second example was found in a common jelly-fish (Aurelia). Not 
a few llydrozoa had by this time been mimed, and shortly characterised. 
Some were polyps, re.sembling the Hydra of our ponds, but usually united into 
permanent colonies ; others were medusic, bell-shaped animals which swim free in 
the upper waters of the sea. It was jxlready suspected that both polyps and 
medusie had a common structural plan, and more than one naturalist had come 
very near to knowing that medusa) may be the sexual individuals of polyp- 
colonies. 

This was the state of matters when an undergratuate in Theology of the 
University of Christiania, named Michael Sars, discovered and described two new 
polyps, to which he gave the names, now familiar to every zoologist, of Scyphis- 
toma and Strobila. In the following year (18.30) Sars settled at Kinn, near 

' Brooks maintains that the solitary Salpa, which is female, produces a chain of 
males by budding, and lays an egg in These eggs are fertilised while the 

chain is still immature, and develop into females (solitary Salpai). The truth of 
this account must be determined by specialists. 

- Cuvier had previously noted the fact. 

s X 2 
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Bergen, as parish priest, and betook himself to the lifelong study of the animals of 
the Norwegian seas. He soon found out that his Scyphistoma was merely an 
earlier stage of his Strobila. Scyphistoma has a Ilydra-like body, less than half 
an inch long, and drawn out into a great number of immensely long tentacles. 
It buds laterally like a Il 3 ^dra, sending out stolons or runners, which bear new 
polyps, and separate before long, the polyps becoming independent animals. In 
the midst of the tentacles of the scyphistoma is a prominence which bears the 
mouth. This grows upwards into a tall column, the strobila, which is supported 
below by the scyphistoma. When the strobila is well nourished it divides into 
transverse slices, which at length detach themselves, and swim away.^ These are 
the Ephyrce, which had been found in the sea before Sars’ time, and were then 
counted as a particular kind of adult medusas. They are small, flat discs with 
eight lobes or arms, all notched at the extremity. A pile of ephyrse is produced 
by the transverse constriction and division of the strobila in a fashion which 
reminds us of the rapid production of the animals in a Noah’s ark by the slicing 
of a piece of wood of suitable sectional figure. It was thus ascertained that the 
scyphistoma, strobila, and ephyra are successive stages of one animal, but for a 
time no one could say where the scyphistoma came from, nor what the ephyra 
turned to. At length Sars, aided by the anatomical researches of Ehrenberg and 
Siebold, was able to clear up the whole story. The ephyra is gradually converted 
by increase of size and change of form into an Aurelia, a common jelly-fish which 
swarms during the summer in European seas. The Aurelia is of two sexes, and 
the eggs of the female give rise to ciliated embryos, which had been seen before 
Sars’ time, hut wrongly interpreted as parasites or diminutive males. These 
ciliated embryos, called planiilae, swim about for a time, and then settle down as 
polyps (scyphi stomata). There is thus a stage in which Aurelia divides without 
any true reproductive process, and another stage in which it produces fertile eggs. 
There is alternation of generations in Aurelia as well as in Salpa, and Sars was 
glad to fortify by a fresh example the observations of Chamisso, on which doubt^j 
had been cast. 

It was not long before the alternation of generations was recognised in Hydro- 
medusae also, and then the ordinary Hydrozoan colony was seen to consist of at 
least two kinds of polyps, one sexual, the other merely nutrient, both being formed 
by the budding of a single polyp. The .sexual polyp, or medusa, either swims away 
or remains attached to the colony, producing at length fertilised eggs, which yield 
planulae, and these in turn the polyps which found new colonies. 

Those of us who are called upon to tell this story in our regular course of 
teaching should not forget to produce our scyphistoma, strobila and ephyra ; tho 
interest is greatly enhanced if they are shown alive. It is not hard to maintain a 
flourishing marine aquarium even in an inland town, and a scyphistoma may bo 
kept alive in an aquarium for years, budding out its strobila every spring. 

Alternation of generations, when first announced, was taken to be a thing 
mysterious and unique. Ohamiaso brought in tho name, and explained that ho 
meant by it a metamorphosis accomplished by successive generations, the form of 
the animal changing not in the course of an individual life, but from generation to 
generation (forma per goneratioiies, noquaquam in prole .svm individuo^ mnfafa'). 
Sars adopted Chamisso’s name and definition. Steenstrup a little later collected 
and discussed all the examples which he could discover, throwing in a number 
which have had to be removed again, as not fairly comparable with tho life- 
histories of Salpa and Aurelia. He emphasised the alternation of budding with 
egg-production, and the unhkeness in form of the asexual and sexual stages Like 
Chamisso, he carefully distinguished between development with metamorphosis 

’ (Zeits. f. 7vus. Zool,,Bdi. III. p. 181) remarks that elongate animals 

tend to divide transversely or to bud axially, while broad animals tend to divide 
longitudinally or to bud laterally. The question has been raised more than onco 
whether the division of the strobila is not really a case of budding. Leuckart shows 
that budding and fission cannot be separated by any definition ; they pass insensibly 
into one another. (Wagners Handb. d. Physiol.^ art. ‘ Zeugung.’) 
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and alternation of generations. All three naturalists, Chamisao, Sars and Steen- 
strup, laid stress on this point. In an insect, they would have said, there is de- 
velopment with metamorphosis. The same animal passes from larva to pupa, and 
from pupa to imago. In Aurelia or Salpa, however, the animal which lays eggs 
is not the animal which buds, but its progeny. The cycle of the life-history 
includes two generations and many individuals. 

This view has spread very widely, and if we were to judge by what is com- 
monly taught, 1 think that we should recognise this as the doctrine now prevalent. 
It is however, in my opinion, far inferior as an explanation of the facts to that 
adopted by Leuckart, Carpenter and Huxley, who regard the whole cycle, from 
egg to egg, as one life-history. Huxley and Carpenter, ditforing in this from 
Leuckart, do not shrink from calling the whole product of the egg an animal, 
even though it consists of a multitude of creatures which move about and seek 
their food in complete independence of one another, llather than ignore the unity 
of the life-history of Aurelia or Salpa, they would adopt the most paradoxical 
language. This attitude was forced upon them by the comparative method. They 
refused to study Aurelia, for example, as an animal apart ; it had its near and its 
ipemoter relatives. Among these is the fresh-water Hydra, which develops with- 
out transform <ation, buds off other Hydras when food is plentiful, and at length 
becomes sexually mature. Budding is here a mere episode, which may be brought 
in or left out, according to circumstances. The same individual polyp which buds 
afterwards produces eggs. The life-history of Salpa cannot be traced with equal 
facility to a simple beginning, for it presents points of difliculty, on which the 
learned differ. In the Polychoet Worms, however, we find a beautiful gradation 
leading up to alternation of generations. We begin with gradual addition of new 
segments and increasing specialisation of the two ends of the body, the fore end 
becoming non-reproductive, and the hinder end reproductive. Then we reach a 
stage (Syllis) in which the reproductive half breaks otf from the fore part, and 
forms (after separation) a new head, while the fore part adds new segments behind. 
In Autolytus tlio new head forms before separation, and many worms may cohere 
for a time, forming a long chain with heads at intervals. In Myrianida the worms 
break up first, and afterwards become sexually mature. We should gather from 
these cases that alternation of generations may arise by the introduction of a 
budding-stage into a development with transformation. The polyp or worm buds 
while young and lays eggs at a later time. The separation of the two processes of 
reproduction often becomes complete, each being restricted to its own place in the 
life-history. As a rule the worm or polyp will bud while its structure is uncom- 
plicated by reproductive organs. It is easy to propagate some plants by cutting 
■one of the leaves into sections, and making every section root itself, and grow into 
a new plant ; but we can seldom do the same thing with a flower. There may 
therefore be a distinct advantage to particidar animals and plants in dividing the 
life-history into two stages, an earlier budding, and a later egg-laying stage. 

The advantage to be drawn from budding is easily seen in those animals which 
find it hard to gain access to a favourable site. Thus a Tsenia ^ is very lucky when 
it establishes itself in the intestine. Once there, it goes on budding indefinitely. 
It is harder to trace the advantage in the case of many polyps, though some 
(Oimina, <fec.) admit of the same explanation as Tsenia. There are yet other cases 
(some Worms, Salpa), &c.) in which our ignorance of the conditions of life renders 
« satisfactory explanation impossible at present. 

The budded forms often differ in structure from the budding forms which 
produce them, and many writers and teachers make this difference part of the 
■definition of alternation of generations. I think that J^euckart has suggested a 
probable explanation in his essay of 1851,*^ which is still thoroughly profitable 


* This case is quoted by Leuckart. 

2 ‘Ueber Metamorphose, ungeschlechtliche Vermehrung, Generationswechscl,’ 
Seits.f. iviss. Zool., Bd. III. Equally important is the same author’s treatise, Ueher 
doll Polymorphismus der Individuvn odcr die Ersclieimmg der Arheitstlieilung in der 
Natur^ Giessen, 1861. 
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reading. He attributes the peculiarities of the larva mainly to the circumstance 
that it is turned out at an early age to shift for itself. In the budded forms there 
is no such necessity. The parent has established itself on a good site which com- 
mands a sufficiency of food. Until it has done this, it does not bud at all. 
The young which it produces asexually need not disperse in infancy, at least until 
crowding sets in. The tradesman who has founded a business puts his elder boys 
into the shop ; perhaps the younger ones may be obliged to try their luck in a 
distant town. The budded forms, reared at the cost of the parent, may therefore 
omit the early larval stages at least, and go on at once to a later or even to the 
final stage. Thus the head of Tmnia, when it has fixed itself in the intestine, pro- 
duces sexual segments ; the redia of Distomum produces cercarioe or more redia 3 , 
omitting the locomotive embryo ; tlie scyphistoma produces ephyrm. Tlie saving 
of time must often be great, and the days saved are days of harvest. Think how- 
much a tree would lose if in the height of summer it were unable to bud, and 
could only propagate by seeds. If the budded forms are sexual, wliile the budding 
forms are not, there is an obvious explanation of the difterence in form. Even 
where there is no such fundamental difierence in function, the circumstances of 
early life are very different, and may well produce an imlikeness upon which 
Natural Selection may found a division of labour. 

No one who tries to trace origins can rest satisfied with Steenstrup’s account 
of alternation of generations. He makes no effort to show how it came about. 
Instead of considering alternation of generations as a peculiar case of development 
with metamorphosis, complicated by asexual reproduction,’ he considers asexual 
reproduction as a peculiar case of alternation of generations.^ He ignores all the 
facts which show that the alternation may have been gradually attained, an 
omission which is only excusable when wo note that his treatise is dated 1842. 
lie asserts dogmatically that there is no transition from metamorphosis to alterna- 
tion of generations. 

It is impossible to think much on this subject without falling into difficulties 
over the word yeneraiiim. For my own part I believe that such words as (jenora-^ 
tioTij individual^ organ^ larva, adult cannot be used quite consistently in dealing 
with a long series of animals whose life-histories vary gradually and without end. 
Ordinary language, which was devised to meet the familiar and comparatively 
simple course of development of man and the domestic animals, is not always 
appropriate to lower forms, with complex and unusual histories. If we are 
resolved at all hazards to make our language precise and uniform, we either fall 
into contradictions, or else use words in unnatural senses. 

Certain recent discussions render it necessary to point out that there can bo no 
alternation of generations without increase by budding. If a single larva produces 
a single sexual animal, as when a pluteus changes to an Echinus, there is develop- 
ment with transformation, but not alternation of generations. 

It is, I think, of importance to be able to resolve so peculiar a phenomenon as 
alternation of generations into processes which are known to occur separately, and 
which may have arisen imperceptibly, becoming gradually emphasised by the 
steady action of the conditions of life. Every startling novelty that can thus be 
explained extends the application of that principle which underlies the theory of 
Natural Selection — I mean the principle that a small force acting steadily through 
a long time may produce changes of almost any magnitude. 

The Hydrozoa yield innumerable and varied examples of development with 
transformation and also of budding. They yield also the most admirable examples 
of division of labour. We have Hydrozoan colonies, such as a budding Hydra, in 
which all the members are pretty much alike, but we soon advance to differentiation 
of the feeding and the reproductive members. In the Siphonophora the colony 
becomes pelagic, and floats at the surface of the sea. Then the medusae no longer 

' This is a convenient short account of Alternation of Generations, but it will not 
apply to every case. In Hydra, for instance, there is an ill-defined alternation of 
generations, but no metamorphosis. 

^ Cf. Leuckart, loc, cit.f p. 183. 
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break off and swim away, but are harnessed to the colony, and drag it along. The 
colony may contain feeding polyps, which procure and digest food for the rest; 
swimming bells, which are attached medusae ; perhaps a float, which is a peculiar 
kind of swimming bell ; defensive polyps (which may be either batteries of nettling 
cells or covering organs) ; and reproductive individuals. As the individuals become 
subordinated to the colony, and lose essential parts of the primitive structure, they 
pass insensibly into organs. 

The life-histories of Invertebrates abound in complications and paradoxes. 
Thus Eucharis, one of the Ctenophors, becomes sexually mature as a larva, but 
only in warm weather. This happens just after hatching, when the animal is of 
microscopic size. Then the sexual organs degenerate, the larva, which has already 
reproduced its kind, grows to full size, undergoes transformation, and at length 
becomes sexually mature a second time.^ There is often a striking difference 
between the early stages of animals which are closely related, or a strong adap- 
tive resemblance between animals which are of very remote hlood-relationship. 
In the Uydrozoa similar polyps may produce very dillerent medusae, and dissimilar 
polyps medusae that can hardly be distinguished. There are insects so like in 
their adult state that they can only he distinguished by minute characters, such as the 
form and arrangement of the hairs on the legs, and yet the larvae may be con- 
spicuously different.^ Annelids and Echinoderms yield fresh examples of the same 
thing. In Lepidoptera and Saw-flies the larvae are very similar, but the winged 
insects quite different.^ New stages may be added in one species, while closely 
allied species remain unaffected. In Cunina and the Diphyidoe we get combina- 
tions which strain the inventive powers of naturalists even to name. Natural 
Selection seems to act upon the various stages of certain life-histories almost «as it 
acts upon species. 

But the history is not always one of growing complexity. Sometimes for 
example a well-established medusa-stage is dropped. First it ceases to free itself, 
then the tentacles and marginal sense-organs disappear, then the mouth closes. In 
the fresh-water Cordylophora the medusa is replaced by a stalked sac filled with 
reproductive elements or embryos. The Lucernarise present a single stage which 
seems to he polyp and medusa in one. Hydra has no medusa. It is not always 
clear whether such Ilydrozoa as these are primitive or reduced. Even the hydroid 
polyp, the central stage in the normal Ilydrozoan life-history, may be suppressed, 
and certain meduste in both of the chief groups develop direct from the egg or 
planula (Pelagia, Geryonia, yEgina, Oceania). There is no stage common to all 
Ilydrozoa except the egg. The same thing may be said of the Tunicates. 

The life-history of many Arthropods is to all appearance quite simple. There 
emerges from the egg a spider, scorpion, or centipede (in most Chilopoda) W’hich 
merely grows bigger and bigger till it is adult. But if, as in most Crustacea, the 
circumstances of the species call for a migratory stage, such a stage will he added. 
In certain Decapod Crustacea (Penseus, Leucifer) a nauplius and as many as five 
other stages may intervene before the final or adult stage. Some of these 
larval stages are common to a great many Crustacea, but none, as we now 
think, belong to the original phylogeny. If a resting or a winged stage is 
wanted, it is supplied just as easily, witness the holometaholic insects. Here 
again, so far as we know, there is nothing absolutely new.^ The stages which 
seem new are merely exaggerations for special purposes of sections of the life- 
bistory, which were originally marked out by nothing more important than 
a change of skin and a swelling out of the body. Let us not suppose for a 
moment that it is a law of insect-development that there should he larva, pupa, 
and imago, or that it is a law of Crustacean development that there should be six 

' Chun, Die pelagisclie Thierwelt^ p. 62 (1887). 

Some species of Chironomus arc referred to. 

* Baron Osten Sacken {Deri. Entom, Zeits,^ Ed. xxxvii. p. 466) gives two cases 
of Diptera, in which ‘ almost similar larvm produce images belonging to different 
families.’ 

< ‘ Nirgends ist Neubildung, sondern nur Umbildung.’ — Baer. 
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distinct stages between the egg and the adult. Any of these stages may be 
dropped, if it proves useless — either totally suppressed, or telescoped, so to speak, 
into the embryonic development. Lost stages are indicated by the embryonic 
moults of some centipedes and spiders, Limulus, many Crustacea, and Podura. 
The parthenogenetic reproduction of some immature insects, such as Miastor, 
shows a tendency to suppress later stages. Perhaps the wingless Thysanura ar(‘ 
additional examples, but here, as in the case of Hydra and Lucemaria, we do not 
certainly know whether they kre primitive or reduced. It seems to be easy to add 
new stages, when circumstances (and especially parasitism) call for them. Meloe, 
Sitaris, and Epicauta are well-known examples. In some Ephemeridm the moults, 
which are potential stages, become very numerous, but as a curious exception to a 
very general rule, the last moult of all, which is usually so important, may be 
practically suppressed. The fly of an Ephemera may mate, lay eggs, and die, 
while still enveloped in its last larval skin. 

Among the many cases of what one is inclined to call rapid adaptation to 
circumstances (the chief indications of rapidity being the very partial and isolated 
occurrence of remarkable adaptive characters) are those which Giard ^ has collected 
and compared, and which he refers to a process called by him Poecilogoiiy. A 
number of very different animals ^ produce accoixling to habitat, or season, or some 
other condition closely related to nutrition, eggs of more than one sort, which 
differ in the quantity of nourishment which they contain and in the degree of 
transformation which the issuing larva is destined to undergo. The analogy with 
the summer and winter eggs of Daphnia, ^c. cannot escape notice, and Giard 
connects with all these the psedogencsis of Miastor and Ohironomus, and many 
cases of heterogouy. For our immediate purpose it is sufficient to remark that the 
reproductive processes and the course of development are as liable to vary for 
motives of expediency as the form of a leg or fin. The supposed constancy (the 
necessary constancy according to some naturalists) of the embryonic stages 
throughout large groups, would not be hard to break down, if it were to be again 
asserted. Probably the doctrine is now totally abandoned ; it belongs to that 
phase of zoological knowledge in which Meckel could declare that every higher 
animal passes in the course of its development through a series of stages which are 
typified by adult animals of lower grade, and when an extreme partisan, far 
inferior to Meckel both in experience and caution, could atlirm that the human 
embryo omits no single lower stage. 

The tadpole-larva, which is common in lower Vertebrates and their allies, 
shows the influence of adaptation as strongly as any larva that we know. AVt* 
may describe the tadpole as a long-tailed Uhordate, which breathes by gills and 
has a suctorial mouth-disc, at least during some part of its existence. It is a cheap 
form of larva, when reduced to its lowest terms, requiring neither hard skeleton, 
nor limbs, nor neck, yet it can move fast in water by means of its sculling tail. 
Such a tadpole appears in many life-histories, and plays many parts. The tadpole 
is the characteristic Tunicate larva, and in this group commonly ends by losing its 
tail, and becoming fixed for life. But Salpa, w hich is motile when adult, has lost 
its tadpole. Appendicularia has lost the normal adult stage if it ever had one, and 
its tadpole becomes sexually mature. The same thing seems to have happened to 
many Amphibia, whose tadpoles acquire legs, become sexually mature, and consti- 
tute the normal adult stage. The Lamprey, as Balfour and others have recognised, 
is another kind of sexually mature tadpole. Thus the tadpole may act as larva to 
a sea-squirt, fish ( Acipenser, Lepidosteiis, Amia), or frog ; it may also constitute 
the only remaining stage in the free life-history. 

The lower and smaller animals seem to show beyond others tho prevalence of 
adaptive features. They offer visible contrivances of infinite variety, while they 
are remarkable for the readiness with which new stages are assumed or old ones 
dropped, and for their Protean changes of forms, which are so bewildering that 

; C. R. 1891, 1892. 

” E.g. Crustacea (Palaemonetes, Alpheus), Insects (Musca corvina, some Lepidoptera 
and Diptera), an Ophiurid (Ophiothrix), a Compound Ascidian (Leptoclimis), ico. 
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many Worms, for instance, cannot as yet be placed at all, while many larvae give 
no clue to their parentage. These lower and smaller animals show beyond others 
a tendency to multiply rapidly, and to break away from one another in an early 
stage. The tendency is so strong in the microscopic Protozoa that it enters into 
the definition of the group. Fission, budding, alternation of generations, and 
spore-formation (as in Gregarina) are ultimately due to the same tendency. 

Weak animals are almost inevitably driven to scatter, and to make up by their 
msignificance, their invisibility, and their powers of evasion for the lack of power 
to resist. It is a great thing to a Ilydrozoan colony that if one polyp is bitten oft‘, 
ethers remain, that no enemy can possibly devour all the medusae liberated from 
•one colony, or all the planulm liberated from one medusa. Low organisation gives 
very special facilities for extreme division. There are animals and plants which 
multiply greatly as a consequence of being torn to pieces or chopped small. (Chigoe, 
‘Some Fungi, &c ) 

Small animals are usually short-lived. Many complete their life-history in a 
few weeks. Those which last for so long as a year are often driven, like annual 
plants, to adapt every detail of their existence to the changing seasons. The 
naturalist who explores the surface waters of the sea with a tow-net soon learns 
that the time of year determines the presence or absence of particular larvm. It 
is probably as important to an Aurelia as to a butterfly that it should tide over the 
storms of winter by means of a sedentary and well-protected stage. Any one who 
keeps scyphistoma in an aquarium will remark how small it is, how it creeps 
into crevices or the hollows of dead shells. But when the depth of winter is past, 
it pushes out its strobila, which in spring liberates ephyrm. These rapidly enlarge, 
•and by August have grown from microscopic discs to jelly-fishes a foot across. 

The intolligenco of many small animals is very low. They go on doing the 
thing that they have been used to do, the thing that has commended itself to the 
•experience of many generations. They are governed by routine, by that inherited 
and unconscious power of response to external stimulus, whicli we call instinct. 
But there are some notable exceptions. Of all small animals, insects seem to show 
the greatest flexibility of intelligence. 

There is one large group of animals which is in striking contrast to nearly all 
the rest. Vertebrates, and especially the higher Vertebrates, are usually big and 
■str,ong. They rely upon skill, courage, or some other product of liigh organisa- 
tions, rather than upon numbers and fertility. Vertebrates swallow many other 
•animals, together with their living parasites, but are rarely swallowed alive or 
fresh by Invertebrates. This fact of nature has led to many consequences, among 
•others to this, that many parasites which pass their earlier stages in the bodies of 
Invertebrates only attain sexual maturity in a Vertebrate host. The complexity 
of the structure of a Vertebrate precludes the possibility of multiplication by 
breaking-up or budding, and they multiply only by egg-laying or strictly analogous 
processes. The liigher Vertebrates live so long that the accidents of a par- 
ticular year or a particular season are not of vital importance. Hence seasonal 
transformation is almost unknown ; the quadruped or bird may choose the warm 
months for rearing the family, or celebrate the pairing season by getting a new 
euit of feathers, or grow a thicker coat against the cold of winter, but that is all. 
No Vertebrates perish regularly at the approach of winter, leaving only batches 
of eggs to renew the species in spring, nor is their structure profoundly modified 
by the events of the calendar (the frog is a partial exception). One minor cause 
•of transformation, which affects the life -history of many polyps, worms and insects, 
is thus removed. Vertebrates often take care of their young, and the higher 
A'^ertebrates bring forth few at a time. For this reason among others they rarely 
afford examples of free larvae. Such Vertebrate larvae as we do find, conform to 
the Vertebrate type. It is often impossible to predict what adult will develop 
from an Invertebrate larva, but no one could hesitate to rank an Ammocoetes, a 
Leptocephalus, or a tadpole among the Vertebrates. 

It accords with this strength and mastery that Vertebrates, and especially the 
higher Vertebrates, should be more stable, more conservative, less experimental 
than other animals. They retain ancient structures long after they have ceased to 
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be useful. The gill-clefts, gill-arches, and branchial circulation are good examples. 
Though not functional in Sauropsida and Mammalia, they never fail to appear in 
the course of the development. Yet the Sauropsida and the Mammalia are posi- 
tively known to go back to the earliest secondary and late palieozoic times. Ever 
since the beginning of the secondary period at least, every reptile, bird, and 
mammal has continued to pass through a stage which seems obviously piscine, and 
of which no plausible explanation has ever been offered, except that remote pro- 
genitors of these animals were fishes. Could not Natural Selection, one is tempted 
to ask, have straightened the course of development during lapses of time so vast, 
and have found out less roundabout ways of shaping the tongue-bone and the 
ossicles of the ear ? Either it costs nothing at all to pursue the old route, or it 
costs nothing which a higher Vertebrate will ever miss. The second alternative 
seems to me the more likely. The Sauropsida and Mammalia, in comparison with 
other animals, are particularly well off, and like wealthy housekeepers, they do not 
care what becomes of the scraps. It is, I fancy, different with many fishes, which 
show by their numerous eggs, the occasional presence of peculiar immature stages, 
and some other slight hints, that their life is a hard one. 

The presence in the developing reptile, bird, or mammal of piscine structures 
which are no longer useful has been ascribed to a principle called Recapitulation, 
and Haeckel lays it down as a fundamental biogenetical law that the development 
of the individual is an abbreviated recapitulation of the development of the race. 
If I had time to discuss the Recapitulation Theory, I should begin by granting 
much that the Recapitulationist demands — for instance, that certain facts in the 
development of animals have an historical significance, and cannot be explained by 
mere adaptation to present circumstances ; further, that adaptations tend to be 
inherited at corresponding phases both in the ontogeny and the phylogeny. I am 
on my guard when he talks of laws, for the term is misleading, and ascribes to 
what Is a mere general statement of observed facts the force of a command. The 
so-called laws of nature (a phrase to be avoided) may indeed enable us to predict 
what will happen in a new case, hut only when the conditions are uniform and 
simple— a thing which is common in Physics, but very rare in Biology. I diverge 
from him when he says that ^ each animal is compelled to discover its parentage in 
its own development,’ that ^ every animal in its own development repeats this 
history, and climbs up its own genealogical tree.’ When he declares that ‘ the 
proof of the theory depends chiefly on its universal applicability to all animals, 
whether high or low in the zoological scale, and to all their parts and organs,’ ’ I 
feel persuaded that, if this is really so, the Recapitulation Theory will never be 
proved at all. The development, so far as it has yet been traced, of a Hydra, 
Peripatus, Beetle, Pond-mussel, Squid, Amphioxus, Chick or Mammal tells us 
very little indeed of the history of the races to which they belong. Development 
tells us something, I admit, and that something is welcome, but it gives no 
answer at all to most of the questions that we put. The development of a 
Mammal, for instance, brings to light what I take to be clear proof of a piscine 
stage ; but the stage or stages immediately previous can only he vaguely described 
as Vertebrate, and when we go back further still, all resemblance to particular 
adult animals is lost. The best facts of the Recapitulationist are striking and 
valuable, but they are much rarer than the thorough-going Recapitulationist 
admits ; he has picked out all the big strawberries, and put them at the top of the 
basket. I admit no sort of necessity for the rec^itulation of the events of the 
phylogeny in the development of the individual. Whenever any biologist brings 
the word must into his statement of the operations of living nature, I look out to 
see whether he will not shortly fall into trouble. 

This hasty review of animal transformations reminds me how great is the part 
of adaptation in nature. To many naturalists the study of adaptations is the 
popular and superficial side of things ; that which they take to be truly scientific 

* The quotations are from the late Professor A. Milnes Marshall’s Address to 
Section D., Brit. Assoc. Itep., 1890, which states the Recapitulationist case with great 
knowledge and skill. 
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is some kind of index-making. But we should recognise that comparatively 
modern adaptations may be of vital importance to the species, and particularly 
luminous to the student because at times they show us nature at work. 

I am accustomed to refer such adaptations to the process of Natural Selection, 
though if any one claimed to explain them by another process, I should, for present 
purposes, cheerfully adopt a more neutral phrase. There are, I believe, no limits to be 
assigned to the action of Natural Selection upon living plants and animals. 
Natural Selection can act upon the egg, the embryo, the larva, and the resting 
pupa, as well as upon the adult capable of propagation. It can even influence the 
race through individuals which are not in the line of descent at all, such as adults 
past bearing or the neuters of a colony. The distinction between historical and 
adaptive, palingenetic and ccenogenetic, is relative only, a difierence not of kind 
but of degree. All features are adaptive, but they may be adapted to a past rather 
than to a present state of things ; they may be ancient, and deeply impressed upon 
the organisation of the class. 

In Biology facts without thought are nothing; thought without facts is 
nothing ; thought applied to concrete facts may come to something when time has 
sorted out what is true from what is merely plausible. The Reports of this 
Association will bo preserved here and there in great libraries till a date when the 
biological speculations of 1897 are as extinct as the Ptolemaic Astronomy. If 
many years hence some one should turn over the old volumes, and light upon this 
long. forgotten address, I hope that he will give me credit for having seen what was 
coming. Except where the urgent need of brevity has for the moment been too 
much for scientific caution, I trust that he will find nothing that is dogmatic or 
over-confident in my remarks. 


The following Reports and Papers were read : — 

1. Jieport on Investigations made at the Zoological Station^ Naples, 
See Reports, p. 353. 


2 lieport on Investigations made at the Lahoratorg of the Marine 
JHological Station, Plgmouth . — See Reports, p. 370. 


3. On the Naples Marine Station and its Work. 
By Dr. Anton Doiirn. 


4. On a proposed Lacustrine Biological Station for Canada, 
By Professor R. Ramsay Wright. 


5. Origin of Vertehrata, By Professor C. S. Minot. 
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FRIDAY, AUGUST 20. 

The follo-wiiij^ Papers and Reports were read : -- 

1. Recoiistntction and Model Phenaooclus primsevus, Co'pe. 

Ihj Professor Henry Fairfield Osborn. 

The famous skeleton of Phenacodm, belonging to the Oope Collection, which 
came into the possession of the American Museum of Natural History in 1895, has 
been entirely freed from the matrix and remounted in such a manner that every 
part can be removed for study. This remounting gives quite a diflerent conception 
of the animal from that presented in the original mounting, as illustrated before 
the Section in an enlarged photograph of the fossil skeleton and a wax model 
by Charles Knight. Vhenacodua is digitigrade as the tapir. Its proportions are 
very peculiar and widely different from those of any modern ungulate, consisting 
^of an extremely small head, short neck, short fore-limbs, long hind-limbs, 
pow('rful hind-quarters and tail, and upwardly arched back. Phenacodus is not 
4incestral to any of the modern Ungulata because its ancestor Euprotogonia is 
similarly specialised, altliough found in the basal Mocene. These animals, how- 
•ovor, give us a picture of the true ancestral ungulate type and forcibly demon- 
strate the derivation of thii hoofed from the clawed animals. The model of 
Phenncodfis shows its many points of likeness to the general build of the Creodonta 
•or ancient Carnivora. 


2. On SJ'f'Uf ^ and Restorations of Tertiary Alammalia. 

Jiy Professor Hkniiy Fairfield Osborn. 

This paper, illustrated by numerous photographs of the mounted skeletons and 
of Charles Knight’s restorations, set forth the special methods instituted by the 
author in the American Museum of Natural History. The field work which 
began six years ago is planned as a complete faunal survey of the ancient Tertiary 
lakes, the Eocene and Oligocene being now nearly complete, and future work 
extending into the Miocene and Pliocene and back into the Mesozoic. Careful 
records of horizontal distribution of species are preserved and numerous new 
faunal subdivisions have already been clearly defined. Two other features of the 
tield work are the extremely skilful and thorough methods of collection and the 
-efforts made to secure complete skeletons suitable for mounting, the ultimate object 
being to secure and exhibit every stage in the development of the more important 
types. Ten complete skeletons have already been mounted as follows : Protoro- 
hivpus, Myrachyusj Palceosyops, Titanothenum, Phenacodus, Coryphodon, Accra- 
iherium, Metamynodon, representing the ungulates ; Palriofelis and Hoplophoneus, 
representing the unguiculates. The special features of the museum work are the 
immediate cataloguing of the collections, which now include upwards of 10,000 
individuals, and their division into a study and exhibition series, both of which are 
readily accessible to investigators. The mounting of the skeletons vastly increases 
their interest to the general public. Each skeleton, as exhibited, will be accom- 
panied by a model representing its former muscular proportions and by a large 
Cvdoured restoration giving an idea of its appearance when alive, its habits and 
'environment. A double set of labids will also be adopted, separating the popular 
from the purely scientific information. The methods of field collection are 
popularised by means of large coloured transparent photographs hung in the 
windows, taken in the field especially for this purpose. 
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3. Oysters and the Oyster Question. 

By Professor W. A. Herdman, F.E.S . — See Reports, p. 363. 


4. The Amhlyopsidoi, the Blind Fish of America. 

By Dr. C. H. Eigenmann. 

Tlie underground regions of North America are inhabited by a number of 
blind aquatic vertebrates. 

These are Typhlomolge from Texas, Typhlotriton from Missouri, Gronias 
niyrilabris from Pennsylvania, Amblyopsis spelaus from Kentucky and Indiana^ 
Typhlichthys mtderrayieus from Kentucky, Alabama, and Indiana, and an 
uudescribed species, Typhlichthys rosce^ from Missouri. 

A considerable area of South Central Indiana is drained entirely by under- 
ground streams in which Amblyopsis is abundant. 

It has the general appearance of skinned cattish, is well balanced in the water, 
and has broad tins. 

The chief points of interest in Amblyopsis are the eyes, the skin, and the 
tactile organs. Since, however, all the published accounts concerning this fish are 
more or less worthless, some other points of interest may be mentioned. 

Amblyopsis has been recorded as a surface feeder, but it secures its food at tlia 
bottom. Its abundant tactile organs about the head enable it to exactly locate a 
crawling or moving object if a short distance from its bead. A rod held in the 
hand is readily perceived by the slight vibrations when the fish is about an inch, 
away. A young one reared in the light was able invariably to perceive the direc- 
tion a rod was approaching it, and to swim intelligently away. 

Although the eyes are entirely incapable of receiving impressions, the fish reacts 
negatively to light. This reaction is not caused by any particular colour of the 
spectrum. It is not a matter of heliotropism, for the direction of the light has- 
nothing to do with the reaction. 

The eye in the adult has no connection with the brain. The lens is composed 
of a few inconspicuous cells. The vitreous humour is gone, and the eye, in conse- 
quence of the aosence of a hyaloid, vitreous body, and practically the total absence 
of a lens, has collapsed, so that the ganglionic layer forms a solid core of cells. The 
inner reticular layer is well developed. The layers outside of this to the external 
limiting membrane have been reduced to a layer of cells about two deep. The pig- 
ment has in some of the best eyes retained its normal thickness. Cones are pre- 
sent. The sclera is represented by one or more cartilaginous masses. 

In the number and arrangement of the tactile organs it is not materially different 
from Chologaster, which can certainly see. 

The steps of degeneration can be followed by comparing the eyes of Zygonectes, 
Chologaster, Typhlogobius, and Amblyopsis. The lens is the last to be afiected, but 
when it once begins it degenerates very rapidly, disappearing in some cases during 
the life time of an individual, e g.^ Typhlogobius. 

Amblyopsis is universally considered as viviparous. This it is not. The female 
lays the eggs under her own gill-covers, which are very wide. Here the young 
are reared through their larval stages. When the female at this time is handled 
the young will squirm out. This fact has given rise to the supposition that the 
fish is viviparous. 

The absence of pigment causes the blood to give Amblyopsis a yellowish tint in 
the thinner parts, such as the fins, while in the thicker parts the colour is pink. 

Pigment cells are abundant in the larva, and are not at all rare in the skin of 
the adult, but they contain little pigment. 

It is a matter of general observation that the pigment diminishes in the absence 
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of light in many fishes. A striking instance is the lower side of flatfishes. It is 
also known that Proteus, when exposed to the light, becomes dark (Osborn), and 
that the lower side of a flounder, if exposed to the light, may become pigmented 
(Cunningham). 

Now, since pigmentation cannot be of any selective value in dark places, the 
disappearance of pigment cannot be attributed to natural selection ; nor can the 
matter of economy have given selection a chance to remove the pigment. Is the 
lack of pigment, then, a characteristic reacquired with each individual ? It is not, 
for in a young fish kept for ten months in the light the absence of pigment was 
as fnarked as in the adult. 

We apparently have here an acquired characteristic, the depigmented condi- 
tion of the chromatophores hereditarily established. 


5. The Origin of the Maimhialia. 

By Professor Henry Fairfield Osborn. 

The Tertiary and Recent placentals have been divided by the author into Cen- 
eutheria and Meseutheria. 

The former include the higher types, progressive and specialised, mainly during 
the Eocene and Oligocene periods. The latter include the lower t^pes, persistent 
and primitive, specialised mainly during the Mesozoic period, and with the excep- 
tion of the Lemaroidea, Insectivora, and Ganodonta, dying out early in the Ter- 
tiary. Among these Meseutheria are included the Creodonta, Tillodontia, Insec- 
tivora, Lemuroidca, Condylartlira, and Amblypoda. The most distinctive feature* 
of their evolution is the retarded brain development, the inertia or persistence of 
many primitive characters lost among the Ceneutheria, as well as the fact that they 
appear substantially in their fully specialised form in the base of the Eocene, and 
are thus distinctively the Mesozoic placentals. The known upper Cretaceous 
mammals are substantially of the same Eocene Meseuthere type, and contain also 
certain Multituberculata (which may be regarded as Protothoria) and possibly also 
cert ain marsupials. 

The Lower Cretaceous or Upper Jura.ssic (Purbeck) Mammalia embrace also Mul- 
tituberculates (? Prototheria), Triconodouts (Metatheria), and Insectivora primitiva 
( jMeseutheria). The latter may have given rise to the later Meseutheria, and thus 
indirectly to the Ceneutheria, although no absolute links are as yet established 
connecting the Ceneutheria with the Meseutheria, and the latter are even more 
primitive than the known forms of Metatheria or Marsupialia. 

The combined characters of the three above-mentioned types of Jurassic mam- 
mals led the author in 1891 to the conclusion that the Hypotheria or Promam- 
malia would be found to possess a hetcrodont dentition, consisting of I. 4, C. 1, 
P. 4-5, M. 8. Also that all the Mammalia, multituberculate as well as trituber- 
rulate, would be found to be originally derived from a trituberculate type of molar 
dentition. 

In the meantime Baur has shown that Cope’s Behjcomnria^ a division of the 
Theromorpha, which Cope believed to be ancestral to the mammals, must be en- 
tirely removed from this position. The discoveries of Seeley in the Permian of 
South Africa (Karoo Beds) show that the Theriodontia possess most of the charac- 
ters which we may expect to find in the ancestors of the Mammalia, mingled with 
many distinctively reptilian characters. Among these Theriodonts the herbivorous 
division, or Gomphodontia, presents many analogies to the Multituberculata, while 
t he carnivorous Cynodontia are similarly analogous both to the Protodonta (Os- 
born) of the American Triassic and to the Trlconodonta, or ancestral tritubercu- 
lates, the specialised dental formula agreeing closely with that postulated for the 



TRANSACTIONS OF SECTION D. 


687 


Jlypotheria. The Gomphodontia, however, with the exception of Tritylodon^ 
show a marked trituhercnlar pattern in their superior molars (especially Diado- 
modon mastacus^ and tend to confirm the author’s hypothesis that the multituber* 
culates are of tritubercular origin. 

The general conclusion is that the Theriodontia stand nearer the ancestral 
mammalia Prototheria, Metatheria, and Meseutheria than any other known division 
of the Reptilia, 


G. Description of Specimens of Sea-trout^ Caplin^ and Sturgeon from 
Hudson Bay. By Professor Edward E. Prince, Ottawa. 

The author referred to the special interests attaching to specimens illustrative 
of the fish fauna of Hudson Bay, the faunistic resources of which are almost wholly 
unknown. 

Distinguished explorers like Dr. R. Bell, Mr. J. Burr Tyrrell, Mr. A.P. Lowe, 
and others, chiefly members of the staff* of the Geological Survey of Canada, have 
gathered information regarding the fish in the remote northern areas referred to ; 
their special work, of a geological and geographical character, prevented systematic 
zoological investigations. The specimens described by the author were placed in 
his hands by Dr. Bell and Mr. Lowe. 

The salmon-trout from Ungava Bay is the Salmo llearnii^ originally described 
in Franklin’s first journal. It is really a Salvelinusy and is no doubt the Salve- 
iinm alpinus staynulis of Jordan and Everraann. It must be noted, however, that 
the Salmo staynalis of Fabricius (1780), inhabiting small lakes in Greenland, is 
non-migratory. If it be non-migratory, or if it does migrate to the sea, and then 
becomes, as is stated, of a plain silvery colour, the specimen under review is not 
identical with it. At any rate, the present specimen, taken, as Mr. Lowe states, on 
tlie east coast of Hudson Bay to the north of Cape Jones, and very abundant in 
the streams entering Ungava Bay and along the northern coast of Labrador, is 
characterised by the three features mentioned below. First, it is migratory and 
captured in vast numbers in tidal waters in Ungava Bay and other localities. 
Secondly, it exhibits large disc-like spots of a pale flesh tint, rather larger than a 
pea in circumference, and extending from the shoulder to the tail, and slightly above 
the lateral line. Thirdly, the scales are exceedingly small, somewhat deeply im- 
bedded in the integument, and numbering at least 250 along the lateral line. 

The typical alpinus (Sailling) exhibits about 200 scales along the lateral line, 
has twelve rays in the anal fin, and shows a white anterior margin on the paired 
fins. Ill these three points the present specimen differs, nor is it like Salve linns 
alipeSf which has twelve or thirteen rays in the first dorsal fin, 126 scales in the 
lateral line, according to Dr. Suckley. Gunther regards S. alipes as identical with 
S. stagnalis. It may be added that the present specimen has the following fin-ray 
formula: — P. 14, D. 1.‘3, V. 11, A. 10, the fins are plain, the dorsum of a dark 
olive green tint, and the tail truncate or very slightly forked. The weight is from 
3 lb. to 18 lb. The specimen of caplin is a somewhat diminutive dried example, 
but a careful examination showed that it differed in no respect from the caplin 
(Mallotus villosus) which abounds in the Gulf of St. Lawrence, The presence of 
caplin in Hudson Bay might be taken as an indication that cod occur there. It 
is the favourite food of the cod at certain seasons. 

The specimen of sturgeon from Hudson Bay is Acipenser sturiOy L., though the 
specimen is very young, less than six inches in length, and the external features 
are known to change materially with the attainment of maturity. In young 
sturgeon the snout, as a rule, is long and attenuated, the body slender, the enamel 
plates highly developed, and the spines prominent and hooked. This example has : 
dorsal plates 14, lateral 35, ventral 1 1 ; and the fin-rays are : dorsal fin 36, anal 20. 
These details in other species are as follows : — 
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Shields 

Fin-rays 


D. 

L. 

V. 

D. 

A. 

Aoipenser transmontanus 

11-12 

36-60 

10-12 

46-48 

28-30 

A. medirostris 

9-11 

26-.‘50 

7-10 

33-35 

22-28 

A. nihicnndug 

11-16 

30-39 

8-11 

3.6 

2G 

A, brevirostris 

8-11 

22-33 

6- 9 

41 1 

22 

A, sturio .... 

10-14 

27-36 

8-11 

38 ! 

27 


The specimen agrees, therefore, with Acipensor sturiOf L. 


7. On the Esocidce {or Luciidce) of Canada. 

By Professor E. E. Prince, Ottawa. 

The author stated that a few weeks before the date of the meeting of the British 
Association he had the good fortune to receive a specimen of a pike from Dr. 
Coutlee, of Sharbot Lake, Ontario. It appeared to be a new and imdescribed 
species, and differed in many features from th^ recognised species found in the waters 
of the Dominion, which were five in number. Briefly stated, these features aro 
respectively— 



Branch io- 
stefjfals 

Dorsal 

Fin-rays 

Anal 

Fin-rays 

Length 

Scales of 
Lat. LiiiC 

Esox americanus, Gmclin 

11-13 

11-12 

11-12 

12 in. 

105 

E. vermicnlatus, Le Suer 

11-13 

11-12 1 

11-12 

1 12 in. 

105 

E. rcticulatiis, Le Suer . 

14-lG 

14 I 

13 

30 in. 

125 

E. lucius, Linn. 

14 

16-17 

13-14 

1 30- 50 in 

123 

E. nobilior y Thomp. 

17-19 

17 

1 

16 

96 in. 

150 


It may be added that in the three first-named species the cheeks and gill-cover 
are completely clothed with scales; but in Esox liwins the lower half of the gill- 
cover is bare, and in the Maskinonge {E. nobilior) both the clieek and gill-cover are 
scaleless over the lower half. 

The fish now described for the first time agrees with E. hicius in having tho 
lower half of the gill-cover scaleless ; but it differs from all the above species in 
other features. Thus the branchiostegals are 15, the dorsal tin-rays 19, the anal 
fin-rays 16, and the scales are small, viz., 130 or more in the lateral line. Thio 
line is deeply pigmented, in contrast to E, lucius^ in which it is indistinctly 
marked. The colouration is very distinctive. Unlike the whitish spotted colour- 
ation upon a grey or dark green ground of E. lucius or the blackish spotted marking 
upon a light grey or green ground colour as in the Maskinonge, or the barred or re- 
ticulated pattern upon E. americanus and E. reticulatua respectively, this fish 
exhibits upon the back and down the sides a bright metallic green, almost of an 
emerald tint, finely mottled with black. All the fins are plain grey, with a brick 
red tint towards the margin. A glistening purple blue colour forms six or seven 
striking patches on the head and gill-cover ; viz., one below the eye, one above the 
eye, one above the eye posteriorly situated, one on the cheek, one at the upper 
posterior corner of the gill-cover, one just above the upper edge of the branchio- 
stegal membrane, and one on the flattened portion of the maxillary. The chin 
is jet black. The fish is somewhat restricted in range, and is locally called the 
blue pike. 
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8. Receyit Additions to the Fish Fauna of Neiv Brunsu'ick, 
By Dr. Philip Con. 


9. Theories of Mimicry as itlnsf rated by African Butterflies, 

By Edwahd B. Poulton, M.A,^ F.R.S., Hope F rofessor of Zoology, Oxford. 

H. W. Bates, in his epoch-making paper (‘Trans. Linn. Soc./ vol. xxhi. 
1862), first gave an intelligible theory of mimicry, and accounted for the superficial 
vesernhlances which had been known for so long by supposing that the most 
dominant, well-defended, and conspicuous forms in a country become the models 
towards which natural selection leads many of the weaker hard-pressed species 
in the same locality. The material on which Bates’ theory was formed was con- 
tined to tropical America, and his generalisation remained incomplete until it 
could be applied to the other great tropical regions. This want, however, was 
soon supplied by A. R. Wallace for the East ( ‘ Trans. Linn. Soc ,’ vol. xxv. 1866), 
and by Roland Trimen for Africa (‘Trans. Linn. Soc.,’ vol. xxvi. 1870). 

In Bates’ original paper a certain class of facts — frequently mentioned and 
abundantly illustrated — cannot be explained under his theory of mimicry. This is 
the strong resemblance which is apt to exist between the dominant forms them- 
selves, and which is as minute and as remarkable as the resemblance of the weaker 
for the stronger species. Bates pointed out that this was unsolved by his theory, 
and both he and Wallace were compelled to suggest the direct action of some 
unknown local influence as the possible cause. There the matter rested until 
Fritz Aluller, in a paper published in ‘ Kosmos ’ for May 1879, suggested an explana- 
tion, viz., that the dominant forms gain an advantage by this resemblance, inasmuch 
as it facilitates the education of their enemies by giving them few^er patterns to 
learn. The necessary waste of life by which the education of young birds, &c., is 
brought about is here divided between the various species of a closely convergent 
group, instead of being contributed by each member independently. The chief 
Bub-families of butterflies which in tropical America appear to be specially dis- 
tasteful to insect-eating animals, and which are specially mimicked by others, are 
the Danaime, Ithomiince, Heliconhup, and Aerceime. Of these the second and 
third are confined to this part of the world. The resemblances which Fritz Muller 
explained are those which occur very commonly between the DaynthncMlbomimce, 
Helicoyivue, and less commonly the Acr(ein<p of any locality. In order to complete 
this theory it was necessary to test its application in other parts of the world. 

In the East the butterflies which take the place of the four above-named sub- 
families belong almost exclusively to the Danaiiipp, the Acrcemcp being represented 
by very few species. The Danaincp are, however, extremely rich in species, and 
F. Moore first pointed out in ‘ Broc. Zool. 8oc.,’ 1886, p. 201 , that there is the same 
relationship between the species of this dominant group that obtains between those 
of tropical America. Not only do Dotiaifop oi yery different genera closely re- 
semble each other, but there is often a strong likeness between the species belonging 
to the two chief divisions of the sub-family — the JDanaina and Euplmna^ As in 
America, these resemblances are always between the species of the same locality. 

While, however, Muller’s theory received full confirmation from the fact.s observed 
in India and the tropical East generally, no attempt has been made until now to 
apply it to the African lepidopterous fauna. I have therefore examined this 
fauna from the Mullerian standpoint, and find that in it too the same relationships 
can be traced. 

The dominant distasteful groups of Africa are the Aerceirup, which have their 
metropolis here, and the Danaince, The latter are chiefly represented by the 
species of the peculiar African genus Atnaiiris, and by the abundant and wide- 
spread Danais {Limnas) ebrysippus. I first looked for evidence of convergence 
between the Acrceinoi and Limnas clirysippm, and soon found what appeared to 
be evident traces of it. Such species Vi^Playmna esebria (certain forms of), Acrppa 
petrcea (female), A, oppidiuj and, above all, A. mcedon ijycia) bear a considerable 
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rescmljlaTice to L. chri/sippus^ inasmuch as all of them possess a dark tip to the 
fore wing crossed by a white bar, as in the Daiiaine butterfly. Looking at the, 
near allies of thesti species and at the Aercewee as a wliole, we may feel confident 
that this black-and-wliite tip is not an ancestral character of the group, but a 
comparatively recent modification. Again, the fact that this character is somo' 
times more strongly developed in, and sometimes confined to, tlie female sex agrees 
with the corresponding relationships in other parts of the world, and furthermore 
supports the conclusion as to the recent acq^uisition of tlie markings. 

Convergence between tlie Acrcvinfc and DanavKP of the genus Amavris was 
next looked for and many examples found. Thus Acrcpii johmtoni of East (Central 
Africa certainly sugg('sts the appearance of one of tlie echena group, such as 
A. hanniwjtomi, found in the same locality ; while in West Africa Acra-a lycoa 
resembles the black-and-white Amai/ris danioclcs and A, oyialoa. Siinilnr n'sem- 
blaiices in the West are to be seen between the large black-and-white females of 
the numerous species of the Acrneine genus Planenui and other Aermas iu tlic 
same locality, such as A. carjimitia (female) and A. joduita (female), while the 
species referred to, of both Acraeine genera, bear some considerable resemblance to 
an abundant West African black-and-w^hite Danaine — Amauris niavius. Similar 
relationships occur in the South-East, where Acrceas, such as Planoma esehria 
(white form of female) and P. agmnee bear considcirable resemblance to the abun- 
dant black-and-white Danaines -Amanris oddea and A. dominicavus. 

It was t)f great interest to prove tliat the members of these convergent gnmps 
occur, not only in the same place, but at the Same time. Mr. Guy A. K. Marshall 
lias kindly done this work, sending me several groups captured at one place in a 
single day. At .Malvern, near Durlian, Natal, on IMarcli (>, and again on INIarch 
•30, 1897, lie captured Limnas chn/Kippus and several species of Aerced, with the 
black-und-wliito tip to the wing. On March 27 he captured, in the same locality, 
the black-and-white Planemas {Aa'cohue) P. esebn'a and P. ayanicp, together with 
an abundant black-and-white Nep/is {N. ayatlia) and a closely similar day-flying* 
moth, Nyctimons apicalis. It is very ])robable that these latter forms do not 
rairaick in the Batesian sense, })ut are themselves specially defended and fall into a 
Mullerian group, Mr. Marshall did not, on that day, capture any of the black- 
and-white Panaince, Mr. I), (fliaplin, however, on April o, 189(5, obtained at 
Berea, a suburb of Durban, Amaaris ochlea and Planema afimnee, as well as 
Limnas chrysippysy \vith two species of convergent Aermas (A. encedon and A. 
petrcpn). ]Mr. E. 1). Godman and Mr. O. Salviii have kindly presented these 
specimens to the Hope Collection at Oxford. 

I think it must lie admitted that then; is now strong evidence for the same 
convergence between specially protected abundant African species from (lie same 
locality as that which is already well known in the tropical East and in tropical 
America. Various degrees of perfection exist, and it is in every Avay probable 
that the resemblance of some members to (he standard of their group is not of 
long standing, and will improve in the future. 

Other facts in the colouring of African J^epidoptera also support this interpret- 
ation. l^hus certain Lycevnidm of the genera J^entila and Alco7}a are known to 
fly very slowly, and in the case of the latter to feign death when captured- -cha- 
racteristics of un])alatable forms. AVliile they thus differ in habits from Jyycmnids 
generally, they also differ entirely in their appearance, which rather suggests that 
of an Acrcpa, The same is true of moths belonging to many groups, and perha])s 
of the abundant butterflies of the genus Byblia, Similarly the large group of 
Lepidoptera, which has for its centre the abundant day-flying moths of the genus 
Aleiisy apjiears to be moulded upon the colouring and pattern of lAmnas chry~ 
sippus, dilfering only in an even greater conspicuousiiess, due to the white spots or 
rings on the black body, and the highly developed black-and-white border to the 
hind wing. It is probable that the common species of the genus EupJuodva, wliich 
form some of the most conspicuous members of this group, are themselves specially 
protected. To take one more example, certain species of the Pierine genus MylothrU 
are rendered speciall}'^ conspicuous bv the interrupted black border to the hind 
wings, the interruptions extending along the hmd margin of the fore wings. A 
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white butterfly with such a border becomes an extremely conspicuous object, and 
this appearance of Mylothris is mimicked, more or less perfectly, by species from 
a number of Pierine genera, such as Nepheronia, Belenois, Callosime, &c. This is 
usually explained as an example of true Batesian mimicry, but it is, perhaps, more 
probable that the Vterime aie very largely a specially protected group, many of 
the gf'nera of which, so to speak, combine their advertisements, and thus share 
between them the loss of life which must necessarily ensue during the education 
of each generation of their enemies. 

I think sutlicient evidence has been brought forward to show that the theory 
of mimicry, or rather of common warning (synaposematic) colours, which will 
always he as'^ociated with the name of Fritz Aluller, may claim abundant examples 
in Africa as well as in the other parts of tin* world in which it lias already been 
proved t ' hold. 


10. 0)i ilu^ Surfacti Planlxton of tlu’ jVorf/i 
fly W. Garstan(i, J/. 4 . 


11. lu'itvivks on Braiicliipus stagnalis. IIalkett, 


\'l. llopot't on Zoolo(f\cal JiUdiography innl l^nhUi'cttlon, 
See Beports, p. doO. 


Id. JtrjjO/'f on lh(‘ I inlo.ti rp' nernm cf sppcvootnr AtinnaJ ’m in. 
See Beports, p. dG7. 


14. Rppoi't ou tJui Zooloqjf <(iid Botany of the Indio k Idands. 

See Reports, ]». dflO. 


1.). IntPi'/i)/ J^p/iorl on Bird Aflyrotlon In G nod Brlfol a o nd Inland. 
See R(‘ports, p. oG2. 


If). Jlrport on Aj’riran Lake Fa}nia . — See Reports, p. dG8. 


17. Jipjioi't on (kr Zooloyy of the S(nidwlcli Idaii'G. 
See Reports, p. 358. 


V Y 2 



692 itEPORT — 1897. 

18. Re])Ovl on the Necessity for the Immediate Investigation of the Biologic 
of Oceanic Islands . — See Reports, p. 352. 


TUllDA r, AVGUST 21. 
The Section did not meet. 


MONDAY, AUGUST 
The following Papers were read 

Protective Mhnicry as Evidence for the. YaViddy of the Theory of A at a rah 
Selection. By Edward P>. Poulton, M.A., E.B.Sf Hope Professor of 
Zoology, Oxford. 

Several suggestions have been put forward to account foi* the superficial 
resemblances between animals, especially insects, occupying the same geograpliieal 
area. It has been suggested, and indeed strongly maintained, that food, climate, 
or some other chemical or physical influence of the locali+v may have supplied 
the cause. On the other hand, many naturalists consider that the facts cannot h& 
interpreted by any of (bese suggested causes, and only receive an intelligible and 
probable explanation in the theory of natural selection. This theory supposes 
that the resemblance is advantageous in the struggle for existence, the weaker 
forms being shielded hy their resemblance to the strong and well-defended species- 
(mimicry of II. W. Bates), or the latter gaining by a resemblance which enables 
their local enemies more easily-— and thus with a smaller waste of life — to recognise 
and avoid them ^uimicry of Fritz Muller). The present paper directs attention 
to certain facts commonly associated witli mimetic resemblance which receive a 
ready explanation upon the theory of natural selection as the efficient cause, but, 
on the other hand, constitute a serious difficulty in the way of any other theories 
as yet brought forward. 

Natural selection, as is well knowm, acts upon any variations, whatever they 
may he, which are in the advantageous direction, and are at the same time not 
injurious in themselves. Wlien the end to be gained (in this case the attainment 
of a superficial resemblance) is common to a variety of distantly related species 
possessing entirely different constitutional tendencies, we may feel confident that 
an approach brought about by natural selection will be by extremely diverse paths- 
of variation. Under natural selection we might predict that such a common end 
would be reached by great diversity of means, wliile under tlie other hypotheses 
mentioned above a result of the kind is inexplicable. Hence the facts of the case 
should act as a convenient test between these rival suggestions. 

First as to colour. We know but little of the chemical nature of the pigmentf^ 
made use of in mimetic resemblance. One case, however, has been investigated 
by Gowland Hopkins — viz., the bright tints by which certain S. American Pierincc 
have come to resemble Heliconmcc and Ithomiince in the same locality. Gowland 
Hopldns has shown that these close resemblances in ^ colour and pattern are 
produced by pigments wliich are characteristic of the Pierince, and of an entirely 
different chemical nature from those of their models. 

Another very interesting case is that of re.semblance to ants. Ants are 
mimiclied more or less closely by a great variety of insects and by spiders. In 
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same cases we find the resemblance brought about by actual alterations in the 
shape of the body (spiders and many insects), which is modified into a superficial 
resemblance to the Ilymenopteron. In an Acridian — Myrmecophana fallax — tlie 
shape of an ant is, as it were, painted in black pigment upon the body of the 
insect, which is elsewhere light in colour and, as it is believed, inconspicuous in 
the natural environment. In a certain group of Jlomoptera — the Membracidm — 
some of the 8. American species closely resemble ants. The Membracidie are 
characterised by an enormous growth from the dorsal part of the first thoracic 
segment (pronotum), which spreads backwards and covers the insect like a shield. 
In these insects the form of an ant is moulded in the shield beneath which the 
unmodified iiody of the insect is concealed. These facts are only explicable by 
supposing that some great advantage is to be gained by resembling an ant, and 
that very difierent species have attained this end, each by the accumulation of 
thofce vaiiations which were rendered possible by its peculiar ancestral liistory and 
present constitution- -in other words, by the theory of natural selection. 

A more elaborate case, which I have recently investigated, is atforded by a 
large group of trojiical American Lepidoptora — moths as well as butterflies — which 
closely resemble certain common wide-spread sjiecies of the Itliomiine genera 
Metlmna and Thyvidia, The appearance thus produced consists of a transparent 
ground with a black liorder to both wings, the fore wing being also di\ ided by 
black transverse bars into three transparent areas — the hind wing usually into 
two. From a eoinparison with other species of the various families, &c., not 
altered in this dirc'ction, we know that the transparent wings aie not aneostnil. 
When we investigate the manner in wbicli transparency has bi'cn attained, it is 
found to bo by ditferent methods in the different constituents of the group. Among 
the niimerouM genera of Ithomiina' {Mefhonaj 'rhyridia^Divcemiri^ Eutresis, Ithmnia, 
&c.) the result has been attained by the reduction of the scales to a very minute 
size, so that they hardly interfm-e witli the passage of light. This reduction 
allccts the two kinds of scales which alternate with each otlier in the rows upon 
the wings of this sub-family, a common result being (c.y., in Melhona and Thyridia) 
the alteration of the more slender scales into hairs, and of the broader ones into 
minute bifid structures, still retaining scale-like jiroportious in spite of their 
extremely small size. In otliers, again, the two kinds of scales are naluced 
respectively to simph' and Y-sliaped liairs, \\liicb regularly alternate along the 
rows. In the Danaimr proper, represented by the genus Ifima, the transparency 
is chiefly due to the gieai diminution in the number of the scales, and those 
which remain are neither much reduced in size nor altered in shape. In the 
Viorina', rt^presented in this group by only a single species, Dismovyhia oc/sc, the 
scales are greatly reduced in size, but arc neither greatly altered in >hape nor 
diminished in numbers. 

Hence in these three sub-families of butterflies transparency is attained in 
three different ways, viz. (1) by reduction in size and simplification in shape ; 
(2) by reduction in number ; and (3) by reduction in size alone. 

When we examine the moths wliicli fall into the group, we find a much 
greater difference in the methods, corresponding to the wider divergence in 
affinity. In the several species of the genus Cai^tnia the scales lose their pigment, 
although undiminished in size, while they are at the same time set vertically upon 
the wing, so that light can freely pass between their rows. In the Avidely sepa- 
rated genus llyalosia the arrangement is nearly the same, (‘xcept tliat the vertical 
scales are much attenuated. In the genus Anthmnyzn, Avhicli furnishes the group 
with many species, the scales retain tlie normal size, shape, and overlap, but 
become so completely transparent that the light freely passes through them. 

In all the numerous constituents of this large group of Lepidoptera a very close 
rosc'mblance has been produced by entirely difierent methods ; a result which, it 
has been argued above, is only consistent Avith the view that natural selection 
alone, among all the explanations which have been suggested, has been the cause 
of the observed phenomena. 

I owe to the kindness of Air. Godman and Air. Salviii the opportunity of 
studying all the butterflies of this large transparent-Avinged group, while Air. 
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H«‘rbert Druce kindly lent me those moths -which ore not represented in the Hope 
Collection in the Oxford University Museum. 

2. Economic Enfomoloffy in the United States. By L. 0. Howard, Pli.D. 

The author described, with some detail, the successive steps in the development 
of the science of economic entomology in America, and showed that the necessity 
for work against injurious insects is much greater in America than in Europe. 
He stated that about sixty persons are now officially engaged in this work in the 
United States, and that their salaries amount to about t)0,000 dollars. Of these 
sixty persons thirty-three are attached to tlie State Agricultural Experiment 
Stations and seventeen to the Department of Agriculture at Washington. A 
general resume of the character of the work done in these several offices was given, 
that done in the Department at Washington being descrihed at length. 

3, On some remains of a Sejna-lihe Cnttle-Jlsh from the Loner Cretaceous 

rocks of the South Saskatchewan, Jhj J. E. Wiiitkavks. 

In 1889 four rather remarkable fossils, which probably represent the dorsal 
side of the internal shell, or sepiostaire, of a new species of an apparently new genus 
closely allied to Sepia y were collected by jMr. T. 0. Weston, of the Geological 
Survey of Canada, from the Montana or Pierre-Fox Hills formation of the I^ater 
"North American Cretaceous at the South Saskatchewan, opposite the mouth of 
Swift (hirrent (/reek. 

Each of these fossils is imperfect posteriorily, and not a trace of the miicro 
preserved in any of them. The most perfect of the four is about six inches and a 

Q uarter in length by about three inches and a quarter in its maximum breadth. 

t is elliptical or elliptic-ovate in outline, slightly convex, hut marked with five 
narrow, acute, but not very prominent longitudinal ridges, witli rather distant 
faint depressions or shallow grooves between them. One of these ridges is median, 
but the two lateral ones on each side are slightly divergent, and a bilateral sym- 
metry is very obvious. 

A considerable portion of the surface of each of these fossils is obscured by i\ 
blackish and apparently bituminous substance, so that it is difficult to trace any of 
the lines of growth continuously, though they are remarkably well preserved in 
patches. Near the lateral margins the incremental strim are simply concentric, 
hut in the median region (wlu .t^ they are line, extremely numerous and densely 
crowded) each one is produced anteriorly into an angular and acutely pointed lobe, 
■with its apex upon the summit of the median ridge. From this fact it may be in- 
ferred that the anterior margin of the dorsal side of the shell w^as pointed in the 
middle when perfect. 

So far as the writer has been able to ascertain, there is no known genus of 
Sepiidoe, fossil or recent, to which these fossils can be satisfactorily referred. They 
bear, no doubt, a certain general resemblance to the internal shells of Sej}^ itself j 
hut in the sepiostaires of all the recent species of that genus which the writer has 
been able to examine the radii of the dorsal surface are broad, flattened, and almost 
obsolete, As already suggested, they seem to indicate a new genus and species of 
Sepiidm, for which the name Aclinosepia Canadensis may not be inappropriate. 
In any case these specimens, if correctly interpreted, are the first well-marked re- 
mains of sepiostaires that have been found in a fossil state in Canada. 

4. The Statistics of Bees. By Professor E. Y. Edgew orth. 

Applying to bees one of the methods which he applied to wasps last year, the 
author has found for the species Bombus hortorum that a voyage, from and back 
to the nest, made in the later aiternoon, lasts on an average from thirty to thirty- 
five minutes. For hive-bees the corresponding length of time appears to be les> 
than ten minutes. 
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5. The Appearance of the Army W(^m in the Province of Ontario (hiring 
1896. Jiy Professor J. Hoyes Panton, ]\l.A. 

The author gives in tliis paper the results of his observations upon tlie army 
worm (Leucania unipuncta) during tlie fc-urnmer of when it appeared in 

large numbers throughout Ontario. As it infested the fields at the Ontario Agri- 
cultural Oollege, he was favourably situated to collect much valuable information. 

A sketch accompanying the paper showed very distinctly the infested district.^ — 
80 counties and 118 townships. A number of experiments were conducted to 
ascertain the principal food plants of this insect. The results showed that its food 
is largely restricted to the Graminccc, and that it will not feed upon plants from 
the Ltyuminosce and other orders unless pressed by hunger. When no food was 
given ill twenty-four hours the insects began to devour one another. Many natural 
enemies were found to prey upon this caterpillar, insecti\ orous birds, toads, pre- 
daceous beetles, and parasitic flies. The Tachina fly^ {Nemorcea Icucnnicc) was one 
of the principal insect foes that kept it in check. 

Ileneath a windrow of green oats spiinkled with Paris green (a pound to 
75 gallons of water) thousands of dead caterpillars lay. This was spread along the 
ground so as to stop their march into the adjoining field. 

eral artificial remedies were referred to, the chief being to plough a furrow 
with its perj>endicular side next the field to be protiicted, or a ditch may be dug in 
the same position. fToles dug at intervals of 10 to 15 feet in the furrow or ditch 
will bo useful in catching the w'orms which fail to climb the sides and w^ander 
aimlessly along the furrow. The Avorms collected in the furrow or ditch may be 
destroyed as follows • —(a) Ifloughing a furrow so as to bury them : {!>) sprinkling 
coal oil uponthi'in; (c) scattering straw oviu* them and firing it ; (d) dragging a 
heavy pole along the ditch. 

6 . On a fhipposed JVeir Insect Strnctnre, 

By Professor L. C. Miall, F.lhS. 


7. On Recapitulation in Dcreloprnenf^ as illustrated hy tin' Life III dory 
of the Masked Crab {Corysles). By W . CrARSTANfi, M.A, 


8. 0^1 Aluscid o-(gland(d ar Cells in Annidids. 
By Professor Uustave Gilson. 


TUPSDA Y, A UG UST 24. 

The following Papers were read: — 

i. On the Plankton collected conliniiously durimj a traverse of the Atlantic 
ill Auijust lc897.* By Profe.ssor W. A. Hkkdman, F.BF. 

'llirough the kindness of the owners and of the captain of tlie Allan liner 
‘ Parisian,’ I was enabled to run sea-water through four sdk toAv-ncts of difl’erent de- 
^rees of fineness continuously day and night during the voy^age from Liverpool to 
(Quebec. I used two nets (a coarser inside a finer)^on the tiort side, tied to a tap 
through which about 3,600 gallons ran in twelve hours. On the starboard side the 
two nets were attached to an overflow pipe, delivering about 21,600 gallons in 
the twelve hours — six times as much as on the other side. The nets were 
emptied and the contents examined morning and evening, so that each gathering 
was approximately twelve hours’ catch, and each day, and each night, of the voyage 

^ This paper will be published in full in the Transactions of the Biological 
Society of Liverpool during the session 181)7-98, vol. xii , p. 33. 
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was represented by a gatberinj^. The water was taken in from the sea about 
14 feet below the surface. the material collected was rapidly examined 

with the microscope while in the fresh condition, and was then preserved in solu- 
tions of formaline or alcohol for future detailed study. 

The fauna of the area traversed may, from the preliminary examination of the 
material, be divided into four sections : — 

I. The JJritish Coast fauna — through the Irish Sea and round the north coast 
of Ireland. 

II. The Oceanic North Atlantic fauna, including Ghbifferinu, Radiolaria, and 
other characteristic forms. 

III. The Labrador Current fauna, with quantities of large northern Copepoda 
and Amphipoda. 

IV. The North American Coast fauna — somewhat like that of the first section. 

[Further details in regard to the characteristic forms in the various gatherings 
were gi\eu at the meeting ; but that preliminai-y account will now be replaced by 
the fuller description of the material to be published shortly.] 

This method of collecting samples of the surface fauna in any required quantity 
per day or hour fi’om an ocean liner going at full speed was first practised, 1 
believe, by Dr, John Murray, of Edinburgh. The method is simple, efiective, and 
inexpensive. Tt requires no complicated apparatus, there is no difficulty in tin* 
manipulation, and no trouble to speak of need be given 1o any of the ship’s com- 
pany. It is not even necessary that the naturalist should himself go the voyage. 
The ship’s surgeon or any other officer interested in science can readily carry oiil 
the work ; and so, at very slight expense, series of gatherings can he obtained across 
the great oceans in every direction traversed by passenger or cargo steamers. 

Addendum, — During the return voyage, at the end of September, the same 
process was repeated ; but in addition to the four nets used previously a fifth 
tied periodically over the tap in the bath-room, and the sea-water was allowed to 
flow through it for stated periods. This gave intermittent gatlierings for com- 
parison with thos(^ taken continuously. The bath-room gathi'rings simply s]io\\ed 
small samples of the fuller (twelve-hour) day or night gatheiings. 

2. The DeterminanU for the Major Classification of Fisih-Uke Yertehrates 
By Professor Theodore Gill. 

There is much ditference of opinion still respecting tlie limits of the branch of 
vertebrates or chordata as well as the classes which compose it. TIiom' which, in 
the present state of our knowledge, seem to belong to it are the Tunicate^, 
Leptocardians, Marsipobranchs, Ostracophores, Selachians, Telcostomes (Pisces), 
Amphibians, Kejitiles, Birds, and Mammals. The least widely separated of all are 
the Reptiles and Birds, and if they are retained ns distinct classes tlie others should 
also he retained. The division into Ichthyopsida, Sauropsida, and Mammalia fails 
to express the natural relations of tlie constituerit classes. These relations may 
be exhibited in the following genealogical diagram : — 
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The gaps between the lower classes are very great. The least differences 
between the Selachians and Teleostomes are manliest in the Xenacanthini and 
Dipnoi of the Palfoozoic ; the least between the Teleostomes and Amphibians in 
The Crossopteiygians and Stegocephals. The differences between the Amphibians 
and Reptiles are minimised in the Palaeozoic. From a generalised stock of the later 
Palaeozoic or earlier Mesozoic the Mammals were doubtless derived. 


3. On the Derivation of the Pectoral Member in Terrestrial 
Vertelrrates. By Professor Theodore Gill. 

All attempts at the homologisation of the chiropterygiuni or anterior limb of 
the pentadactyle or terrestrial vertebrate with the ichthyopterygium or pectoral 
tin have been more or less unsatisfactory. The most important hint seems to be 
furnished by Polypterus. Attention was called to the homologies by the author in 
liis Arrangement of the families of Fishes (1872) and the Standard (or Riverside) 
Natural History. Similar conclusions have since been reached by others. The 
chief objection to the derivation of the chiropterygiuni from the pectoral member 
of such a, form as Polypterits is that at present no extinct representatives are 
known. Probably future research will reveal such, as the genus belongs to a very 
archaic type, and has numerous not very distantly related precursors in the past- 
The homologies in question are justified by the facts of individual development of 
the fore-hmb in the Reptiles and Mammals. 


1. The Morpholoyieal Siy nifeanee (f the Comparafire Study of 
Cardiac Nenes. By Dr. W. H. Gas k ell, FJi.S, 


7>. Observations ujKm the Morpholoyy <f the Cerebral Commissu res in 
the Vertebrata, By Dr. G. Elliot Smith, J/.J. 


6. Some points iu the Symmetry of Actinia us. 
By Professor J. R McINIukrich. 


7. The JTatund Jlistory of Instinct. 
By Professor C. Lloyd Moiujax, M.A. 


8. 0)1 the Ilannatozooii Infections hi Birds, By W. G. ]\[ac(A\llum, B.xi. 

Several varieties of birds — crows, owls, sparrows, blackbirds, Ac.— have been 
found infected with orgaiiiwms resembling the malarial organisms of man. These, 
like the malarial parasites, dev^elop within the red coipuscles, transforming the 
htemoglobin into pigment granules. Tliey reproduce by segnumtation, although 
this process does not occur simultaneously^ for great groups of individuals, so as to 
make the length of the eycle of development easy of determination, as is the case 
in the malarial parasites. The young hyaline forms are not actively motile. 

' Two types of organism are recognised. In one (the Proteosoma of Lahb<5) 
the irregularly shaped body is situated at one end of the nucleated red corpuscle, 
displacing the nucleus toward the opposite end. This form segments iu the peri- 
pheral circulation. In the other type, which corresponds to the lialteridium of 
Labbd, the body of the organism is elongated and curved about the nucleus of the 
corpuscle. Segmenting forms are found in the bone marrow, but not in the circu- 
lating blood. I'here is in this type a certain variation in form in different hosts. 
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Flagellation is readily observed in both forms, the organism in freshly prepared 
slides being seen to burst from the corpuscle and almost immediately throw out 
flagella. Other organisms extruded from the corpuscle degenerate without 
flagellation. 

The tissues of these birds show characteristic changes, resulting from the 
destruction of blood corpuscles and the deposition of pigment. The spleen and 
liver are the organs most markedly affected, the pigment being taken up along 
with infected corpuscles, shriuiken parasites, and other Mr/s by large niakro- 
phages, which probably originate from endothelial cells. These occur iu the 
capillaries and small vessels in these organs. The endothelial cells still attached 
to the vessel wall are also sometimes s\v'ollen and crowded with pigment, &c. In 
the spleen the large endothelial cells of the pulp bauds take on the characters of 
makrophages. The leucocytes are only exceptionally ])hagocytic. 

The pigment is partly formed by the organisms, partly the result of the 
breaking down of the hicmoglobin set free in the blood on the rupture of the 
corpuscle, and there are corresponding variations in its colour. 

The other organs, including the bone marrow, are in general very slightly 
affected. Certain foci of necrosis wliich occur in \ arioiis organs have not as yet been 
definitely associated with the presence of tliese organisms. 


9. Post-einbri/onic Development o/"’ Aspidogastei* conchicola. 

Jhj Joseph Stafford, Ph.D. 

The author, after mentioning tlie ways in wliieli tliis animal differs in form, 
structure, development, and life history from other Trcraatodes, and the conse- 
quent difficulties in classifying it, gave a brief sketch of the origin of the embryo, 
and then turned in detail to the life of the }oung animal after it leaves the egg, 
during all the time it is undergoing a change in form and developing new organs 
until it reaches sexual maturity. 

Its morphological transformations were represented by eight drawings made to 
the same scale, and its anatomical structure was represented by a few transverse 
sections of each stage. The first of these is the just liberated embryo, which now 
begins to live a free life, and is accordingly, following tluj suggestion of llrowii, 
called a Miracidium. Tlie lengths of the auiinal at these ditlerent periods are 
0*16, 0*33, 0*45, 0*8, 1, 1'2, 1*5 mm. The change in external form was described, 
and then the origin and change in structure of each organ until it has leaclied 
maturity wore discussed. 


10. Oil a farticularhj large /Set of Antlers of the lied Deer 
(Cervus elaplius). Py G. P. HuraiES. 


11. On the Evolntion of the Domestic Races of Cattle^ 'loithpartlcnlar Refer- 
ence to the History of the Durham Short Horn. By Or . P. Hughes. 
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Section E.— GEOCIRAPHY. 

PlC^SlDENT 01' TJIE SECTION — J. ScOl'T KeLTTE, LL.D., SeC.R.G.S. 


ruunsDA \\ ArarsT 19 . 

Tlu' President delivered tlio following' address : — 

\\’n meet this year in exceptional circumstances. Thirteen years a;^o the British 
Vssociation met for the iirst time in a portion of the Empire beyond the 
limits of the P>ritish Islands. During these thirteen years much has happened of 
the greatest interest to geographers^ and if i attempted to review the progress 
which has been made during these years — progress in the exploration of the giobe^. 
progress in geographical research, jirogress in geographic<il education — I could not 
hope to do it to any purpose in the short time during which it would be right for 
a president to monopolise the attention of the Section. But we have, at the same 
tune, readied another stage in our history whicli naturally leads us to take stock 
of our progress in the past. VVe have all of us been celebrating the GOth year of 
the glorious reign of tlie Sovereign, of whose vast dominions Canada and tlie United 
ivingdom form integral parts. The progress made during that period in our own 
department of science has been immense; it would take volumes to tell \\hat 
has been done for the exploration of the globe. The great continent of 
Africa lias practically been discovered, for sixty y«‘ars ago almost all but its rim 
was a blank. In 18G7 enormous areas iu North America were unexplored, and 
much of the interior of South America was unknown. In all parts of Asia vast 
additions have been made to our Iviiowledge ; tbi^ maps of the interior of that 
continent were, sixty years ago, of the most diagrammatic character. The 
Australian interior was nearly as great a blank as that of Africa ; Ncav Zealand 
liad not even been annexed. Need I remind you of tlie great progress which has- 
been made during the period both in the NortJi and Soulh Polar areas, culminating 
ill the magnificent achievement of Dr. Nansen h It was just sixty years ago that 
the great Antarctic expedition under Sir James Ross was being organised 
since that, alas, little or nothing has been done to follow up his work. Sixty years 
ago the science of Oceanography, even the term, did not exist; it is the creation 
of the Victorian era, and may be said almost to have bad its origin in the voyage 
of the ‘ Challenger,’ which added a new domain to our science and opened up* 
inexhaustible fields of rotoearch. I have thought then that the most useful and 
most managi'able thing to do on the present occasion will be to indicate briefly 
what, in my estimation, are some of the problems wdiicli geography has to attack 
in the future, only taking such glances at the past as will enable us to do this 
intelligibly. 

It has been customary for the occupants of this chair to try to define th» 
field of geography, and on occasions, 111 samewluit loo apologetic language, to 
justify its existence as a section of a scientific association. I do not think this is 
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Any longer necessary. Even in England and America, during the last thirteen 
years, geography has done work enough to prove that she has a mission which no 
other department of research can fulfil. I say thirteen years, because that not 
only carries us hack to the last Canadian meeting of the British Association, hut 
to the year when the Royal Geographical Society undertook an inquiry into the 
position of geography at home and abroad, mainly with a view to the improve- 
ment of geographical education in England. During that time a good deal has 
been written as to the field and scope of geography, and a good many definitions 
given. Rut we really did not require to go to Germany to teach us as to the field 
and functions of geography. Sixty years ago, the then President of the Koyal 
'Geographical Society, .Air. William R. Hamilton, delivered the first presidential 
address ever given at that Society, and his conception of the field and aims of 
geography was as cxaltiid and comprehensive as the most exacting German 
geographer could wish. It is too long to quote hcre.^ 

It would be difficult to improve upon Mr. Hamilton’s detinitioii, and it shows 
that a correct conception of the wide and important field of geography is no new 
thing in England. He proceeded to indicate what remained to be done in 
the lield of exploration, and 1 commend his address to anyone desirous of forming 
A conception of the vast progress that has been made since it was delivered, 
sixty years ago. Since I am dealing with definitions, I may lie permitted 
to quote that given by one so severely scientific as General Sir R. Stvachey 
in a course of lectures which he gave at the^University of ( 'ambridge in 1888, in 
connection with flic establish nieiit of a lecturership in Geography in that University. 

‘ The aim of geograpliical science,’ he says, Gs to investigate and delineate the 
various features of the (‘arth ; to study the distribution of land and sea, the con- 
figuration and relief of the surface, position on the globe, and so forth, fiicts 
which determine the existing condition of various parts of the earth, or which 
indicate former conditions; and to ascertain the relations tliat exist between 
f hese features and all that is observed on the eartli. ... I claim for geography,’ 
Sir II. Strachey .says, ‘a place among the natural sciences as supplying the 
needful medium through which to obtain a connected and consistent conception of 
the earth and what is on it.’ He gives a list of the various matters wliich, 
an his conception, it is the hiesiness of geography to deal with, and they are 
varied and impoitaiit enough to .satisfy the demands of the mo.^L exacting. 

^ These are,’ he says, ‘ the studies through which .scientific geography will lead 
you, teaching you to view the earth in its entirety, bringing together the great, 
variety of objects seen upon it, inve.stigating tluur connection, and exploring their 
cause.s; and so combining and liarmoni.sing the lessons of all the science.s which 
eupply the key to the secrets of Nature.' ^ 

I think we may briefly define geography a.s the .science of the topographical 
di.stribution of the great features of the earth's surface and of all that it sustains— - 
mineral, vegetable, and animal, including man luiu.self. In fact, luan is the ulti- 
jiiate term in the geographical problem, the final object of wliich is to investigate 
the correlation between humanity and its geographical environment. 

I may he pardoned for dwelling at some length on the function and field of 
geography. It is a subject that lias been occupying the attention of geographers 
in J'ffigland for some years, and it may not be without interest to our colleagues 
on this side of the Atlantic to know the conclusions which we liave come to. 
Moreover, it seems necessary to arrive at some clear conception on tlie matter, 
with a view to the researches of the future. I say that the subject has been 
•occupying our attention in l^ngland for some time ; it has done so, 1 may say, as 
a result of the inquiry by myself on the part of the Royal Geographical Society 
to which I have referred. The object of that inquiry was mainly to collect in- 
formation as to the position of geography in education at home and abroad. The 
report which I presented to the Society attracted some attention, and whether as 

’ Journal JRM.S. vol. viii. 1838. 

“ ‘ Lectures on Geography delivered before the University of Cambridge.* 
London, 1888. 
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a result of that or not it is hardly for me to say, but certainly since that inquiry 
some twelve years ag’O the position of greography in England has considerably 
improved both in education and as a field for research. Better methods have been 
introduced in our schools ; a much wider scope has been given to the subject ; in 
many quarters teachers have shown themselves anxious to be guided in the right 
direction ; and, above all, both Oxford and Cambridge at length consented to 
the estahlibliment of lectureships in geography. A school of young geographers- 
has grown up, consisting of men who have had a thorough university training in 
science and letters, and who are devoting themselves to the various branches of 
geography as a speciality. In this way the arid old text-books and characterless 
maps are being supplanted by others that will hear comparison with tlie best pro- 
ductions of Germany. Photography and lantern slides illustrating special geogra- 
phical features are coming into use in schools ; and in other directions appliances 
for use in education are being multiplied and improved. A British geographical 
literature is growing up, and if, as I hope, the progress be maintained, wo 
shall he able to hold our own in geography with any country. The intt'rest in the 
subject has been extended by the foundation of geographical societies in various 
large centres; whereas thirteen years ago the only geogi-aphical society was 
that of London, there are now similar societies in Manchester, Newcastle, Liver- 
pool, and Edinburgh, the last with branches in Glasgow, Dundee, and Aberdeen. 
If this progressive movement is maintained, as there is every reason to hope it will 
be, the scientific and educational aspects of geography in Britain will be more 
nearly on a par with exploration in which our country has so long held the lead. 

In the United States I found that th(} position of the subject in education was 
not much more satisfactory than it was in England. KSirice then there is reason 
to believe considerable progress has been made. One of the best text-books on 
physical gt'ograpliy, llinman’s ‘Eclectic Physical G('ography,’ is of American 
origin ; wliile in the Slates, as in England, a school of scientific geographers has 
arisen whicli bids fair to give the subject, a higli place in that country. 1 fear, 
from wdiat I can learn, that the position in Canada is not as satisfactory as it ought to 
be. It seems to me, then, that one of the great problems which geographers have 
to face in the future is the place which this subject is to hold in education, botli 
as a body of information and as a discipline. \Ve have been making progress, 
and if we persevere with intelligence and firmness, and maintain the subject at 
the highest standard as a held of research, there can be little doubt of our success. 

There is a prevalent belief that geographers liave nothing more to learn in Europe, 
that that old continent has been thoroughly explored. It is true that nearly every 
country in Europe has been, or is being, trigonometrically surveyed. Except some 
parts of the Balkan Peninsula and North of Russia, the topography of the continent 
has been accurately mapped on .scales and by methods sufficient at least for the pur- 
poses of the geographer, ^'et there are districts in the Balkan Peninsula — for 
example, Albania — which are as vaguely known as Central Africa. But it is a delu- 
sion to think tliat because a country has been fully mapped the occupation of the 
geographer is gone. It is only when a region at large is adequately mapped that 
the work of geographical re.search begins. The student, with a satisfactory map of a 
definite district as his guide, will find on tlie spot abundant occupation in working 
out its geographical details, the changes which have taken place in its topography, 
and the bearing of its varied features upon its history, its inhabitants, its indus- 
tries. This kind of work has been in progress in (Germany for over ten years,, 
under the auspices of the Central Commission for the Scientific Geography 
(Tjandeskimde) of Germany, vvdtli its seat at Stuttgart, Under the collective title 
of ^ Forschungon zur Deutschen Landes- nnd Volkskunde,’ a long series of mono- 
graphs by specialists has been published, dealing in minute detail with one or 
more aspects of a limited district. Thus we have such memoirs as ‘ The Plain of 
the Upper Rhine and its Neighbouring Mountains,’ by Dr. Richard Lepsius ; ‘ The 
Towns of the North German Plain in relation to the Configuration of the Ground,’ 
by Dr. Hahn ; ‘The Munich Basin: a Contribution to the Physical Geography 
of Southern Bavaria,’ by C. Gruber ; ‘ The Mecklenburg Ridges and their Relation 
to the Ice Age,’ by Dr, E. Oeinitz ; ‘ The Influence of the IMountains on the 
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(Uimate of ('entral Gerinany/ by R. Assmann ; ^The Distribution and Origin of 
the Germans jn Silesia,’ ))y Dr. K. Weinliold ; ‘Mountain Structure and Surface 
Oonfigaration of Saxon Switzerland,’ by Dr. A. Hottuer; ‘The ]^>zoebirp:e : an 
Orometric-Authropof^eo^rapliical Study,’ bv Dr. J. ]lurgkhardt ; ‘The Thuringian 
Forest and its Siirroundings,’ by Dr. II. Proscholdt, and so forth. There is thus an 
inexhaustible field for scientific geography m its most comprehensive sense, a series 
of problems which may take generations to work out. In a less systematic way 
we have similar monographs by French geographers. One or two attempts, mainly 
by teachers, have been made in England to do similar work', but the impression 
generally produced is that the authors have not been well equipped for the task. 
I am glad to say that in England the Royal Geographical Society lias initiated a 
mo\ement for working out in a systematic fashion wliat one may call the regional 
geography of the Jiritish Islands on the basis of the one-inch maps of the 
Ordnance Survey. It is a strange thing that the geography of the Mother Country 
has never yet been systematically worked out. 

Taking the sheets of the Ordnance Survey map as a basis, it is proposed tliat 
each district should he thoroughly investigated, and a complete memoir of moderate 
dimensions systematically compiled to accompany the .sheet, in the same way that 
each sheet of the Geological Survey map has its printed text. It is a stupendous 
undertaking that Avould involve many years’ work, and the results of wliich 
when complete would fill many volumes. Rut it is worth doing; it woidd 
furnish the material for an exact uud trustworthy account of the geography of 
Britain on any scale, and would bo invalualjle to the historian, as well as to others 
dealing with subjects having any relation to the past and present geography of the 
land. The librarian of the Society, Dr. II. R. ]\lill, has begun operations on a 
limited area in Sussex. AV'hen be lias completed this initial memoir, it will bo for 
the Society to decide whether it can continue tlie enterprise, or whether it will 
succeed in persuading the (lovernment to take the matter up. T refer to work of 
this kind mainly to indicate what, in my conception, are some of the. problems of 
the future which geography has to face, even m fully surveyed count rics. Even 
were the enterprise referred to carried out, there would be room enough for special 
researches in particular districts. 

Rut while there is an inexhaustible field in the future for geographical work in 
the direction I have indicated, there is no doubt tliat mucli still remains to bo done 
in the w^ay of exploring the unknown, or little known, regions of the globe. J^et 
us briefly refer to tlie problems remaining to be solved in this direction, ^rurning 
to the continent of Asia, we find tliat immense progress has been made during the 
past sixty years. In the presidential address given sixty years ag’o, already 
referred to, Mr. llaniilton sa\s of A.sia:--‘AVe have only a ver} gimeial know- 
ledge of the geographical character of the Rurman, Chinese, and Japan empires ; 
the innumerable islands of the latter are still, except occasionally, iiiaccessilde to 
European navigators. Geograjihers hardly venture on the most loose description 
of Tioef, Mongolia, or (’hmese Tartarv, Siam, and Cochin (>hina.’ Since then the 
survey of India, one of the greatest enterprises undertaken by any State, has been 
completed, and is being rapidly extended over Burma. Rut 1 need not remind you 
in detail of the vast changes Hint liave taken place in Asia during these years, and 
the immense additions that have been made to our knowledge of its geography. 
Exploring activity in Asia is not likely to cease, though it is not to be expected 
that its inhospitable centre will ever be so carefully mapped as have been tlie 
mountains of vSwitzerland. 

The most important desiderata, so far as pioneer exploration in Asia is con- 
cerned, may be said to be confined to two regions.^ In Southern and Central 
Arabia there are tracts winch arc entirely unexplored. It is probabk^ that this 
unexplored region is in the main a sandy desert. At the same time it is, in the 
south at least, fringed by a border of mountains whose slopes are capable of rich 
cultivation, and wdiose summits the late Mr. Theodore Bent found, on liis lost and 

* For part of what follows with reference to Asia, 1 am indebted to a valuable 
Memorandum on the subject drawn up b}-^ the late Mr. Ney Elias, 



TRANSACTIONS OF SECTION E. 


703 


fatal journey, to be covered with snow. In exploration, as in other directions, it 
is the unexpected that happens; and jf any traveller cared to face the difliculties— - 
physical, political, and religious — which might be met within Southern and (Jentral 
Arabia, he might be able to tell the world a surprising story. 

The other region in Asia where real pioneer work still remains to be done is 
Tibet and the mountainous districts bordering it on the north and east. J^ines of 
exploration have in recent 3'ears been run across Tibet b}’' Kussian explorers like 
Prejevalsky, liy Uockhill, Prince Henry of ( Means and Jloiiv alot, by Bower, Littledale, 
VVellby, and Malcolm. From the results obtained by thcxse explorers we have formed 
a fair idea of this, the most extensive, the liighest, and the most inhospitable plateau 
in the world. A few more lines run in well-selected directions would probablv 
supply geography with nearly all she wants to learn about such a region, thougli 
more minute exploration would probably furnish interesting details as to its 
geological history. 

The region lying to the north of the Himalayan range and to the south of the 
parallel of Lhasa is almost a blank on the map, and there is ample room here for 
the enterprising pioneer. The forbidden city ol Lhasa is at present the goal of 
several adventurers, though as a matter of fact we cannot liave much to learn in 
addition to what has been re\ealed in the interesting narrative of the native Indian 
traveller, ( Chandra Das. The magnificent mountain region on tlie north and east 
of Tibet furnishes a splendid field for the enterprising explorer. Mrs. Bishop 
recently approach(‘d it from the east, through Sze-cuuen, and her description of the 
romantic scenery and the interesting non-Mongolian inliabitants leaves us with 
a strong desire to learn more. On tlui south-east of Tibet is the remarkable moun- 
tainous region, consisting of a series of lofty parallel chains, through which run 
the upper waters of the Yangtse, the Mekong, the Salwin, and the Irawady. This 
last-named river, recent exploration has shown, pvobabl) does not reach far into 
the range. But it will be seen by a glance tat a map that the upper waters of the 
other rivers are carried far into the licart of tlie mountains. But tliese upper river 
courses are entirely conjectural and have given rise to mncli controversy. There 
is plenty of work here for the explorer, though the difficulties, physical and 
political, are great. 

But besides these great unexplored regions, there are many lilanks to be filled 
up in other parts of Asia, and regions wliich, though Icnown in a general way, 
would well repay careful examination. There is the mountain track betw(‘en the 
upper Zarafshan river and the middle course of tlio Sarkhab tributary of the Oxus, 
and the country lying between that and the Oxus. There is the great Takla- 
Makan desert in Chinese or Fasterii Turkistan, part of wliich lias recently been 
explored by Ilussiaii expeditions and by that young and indefatigable Swedish 
traveller, lir. Sven Hedin. It is now one of the most forbidding deserts to be 
found anywhere, but it deserves careful examination, as there are evidences of its 
once having been inliabited, and that at no very remote period. It is almost 
sarrouudt*d by the Tarim, and on its eastern edge lies Loh-nor, the remarkable 
changes in which have been the subject of recent investigation. As readers of 
Dr. Nansen’s ^ Voyage of the Fram ’ will remember, the Siberian C’oast is most 
imperfectly mapped ; of course, it is a difficult task, but it is one to which 
the Russian Govemraent ought to be equal. China has on paper the appt'ar- 
ance of being fairly well mapped; hut as a matter of fact our knoA\ ledge of its 
mountain ranges and of its great river courses is to a large extent extremely 
vague. All this awaits careful survey. In North-eastern Manchuria and in many 
parts of Mongolia there are still blanks to be filled up and mcuiitain and river 
systems to be surveyed. In the Malay Peninsula and in the great array of islands 
in the east and south-east of Asia — Sumatra, Borneo, the Pliilippines—much work 
still remains to be done. Thus for the coming century there will be abundance 
of work for explorers in Asia, and plenty of material to occupy the attention of 
our geographical societies. 

Coming to the map of Africa, we find the most marvellous transformation 
during the last sixty years, and mainly during the last forty years, dating from 
Livingstone’s memorable journey across the continent. Though the north of Africa 
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was the home of one of the oldest civilisations, and though on the shores of the 
Mediterranean, Phoenicians, Carthaginians, Greeks, and Romans were at work for 
centuries, it has only been within the memory of many of us that the centre of the 
continent, from the Sahara to the confines of Cape Colony, has ceased to be an 
unexplored blank. This blank has been filled up with bewildering rapidity. Great 
rivers and lakes and mountains have been laid down in their main features, and the 
whole continent, with a few unimportant exceptions, has been parcelled out among 
the Powers of Europe. Rut much still remains to be done ere we can form an 
adequate conception of what is in some respects the most interesting and the most 
intractable of the continents. Many curious problems still remain to be solved. 
The pioneer woik of exploration has to a large extent been accomplished; lines 
have been run in all directions ; the main features have been blocked out. But 
between these lines the broad meshes remain to be filled in, and to do this will 
require many years of careful exploration. However, there still remain one or two 
regions that afford scope for the adventurous pioneer. 

To the south of Abyssinia and to the west and north-west of T^ake Rudolf, on 
to the Upper Nile, is a region of considerable extent, which is still practically 
unknown. Agvain, in the Western Sahara there is an extensive area, inhabited 
mainly by the intractable Tuaregs, into which no one has been able to penetrate, 
and of which our knowledge is extremely scanty. Plven in the Central Sahara 
there are great areas which have not been traversed, while in the Libyan desert 
much remaius to be done. These regions are of interest almost solely from the 
geographical and geological standpoints. But they deserve careful investigation, 
not only that we may ascertain their actual present condition, hut in order, also, 
that we may try to discover some clues to the past history of this interesting 
continent. Still, it must be .said that the great features of the continent have 
been so fully mapi)ed during tbe last half century that what is required now is 
mainly the hlling-iii of the details. This is a process that requires many hands 
and special qualifications. All over the continent there are regions wliich will 
repay special investigation (iuite recently an English traveller, IMr. Cowper, 
found not far from the Tripoli coast miles of magnificent ruins and much to correct 
on our maps. If only the obstructiveness of the Turkish olRcials could be over- 
come, there is a rich harvest for anyone who will go to work with patience and 
intelligence. Even the interior of Morocco, and especially the Atlas Mountains, 
are but little known. The French, both in Tunis and Algeria, are extending our 
knowledge southwards. All the Powers who have taken part in the scramble for 
Africa are doing much to acquire a knowledge of their territories. Germany, 
especially, deserves praise for the persistent zeal with which she has carried out 
the exploration of her immense territories in East and West Africa. The men 
she sends out are unusually well qualified for the work, capable not simply of 
making a running survey as they proceed, and taking notes on country and 
people, but of rendering a substantial account of the geology, the fauna, the" flora, 
and the economic conditions. Both in the French and the British spheres good 
work is also being done, and the map of Africa being gradually filled up. But 
what we especially want now are men of the typo of I)r. J. W. Gregory, whose 
book on the Great Rift Valley is one of the most valuable contributions to African 
geography ever made. If men of this .stamp would settle down in regions like 
that of Mount Ruwenzori, or Lake Rudolf, or the region about Lakes Bangweolo 
and Tanganyika, or in the Atlas, or in many other regions that could be named, 
tbe gains to scientific geography, as well as to tbe economical interests of Africa, 
would be great. An example of work of this kind is seen in the discoveries made 
by a young biologist trained in geographical observation, Mr. Moore, on Lake 
Tanganyika. There he found a fauna which seems to afford a key to the past history of 
tbe centre of tbe continent, a fauna which, Mr. Moore maintains, is essentially of a salt- 
water type. Mr. Moore, I believe, is inclined to maintain that the ancient connection 
of this part of Africa with the ocean was not by the west, as Joseph Thomson surmised, 
but by the north, through the Great Rift Valley of Dr. Gregory ; and he strongly 
advocates the careful examination of Lake Rudolf as the crucial te.st of his theory. 
Tt is to be hoped that he, or someone equally competent, will have an opportunity 
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of caiTying out an investigation likely to provide results of the highest import- 
ance. 

But there are other special problems connected with this, the most backward 
and the most repellent of continents, which demand serious investigation, problems 
essentially geographical. One of the most important of these, from the point of 
view of the development of Africa, is the problem of acclimatisation. The matter 
is of such prime importance that a committee of the Association has been at work 
for some years collecting data as to the climate of Tropical Africa. In a general 
way we know that that climate is hot and the rainfall scanty ; indeed, even the 
geographers of the Ancient World believed that Central Africa was uninhabitable 
on account of its heat. But science requires more than generalities, and therefore 
we look forward to the exact results which are being collected by the Committee 
referred to with much hope. We can only go to work experimentally until we 
know precisely what we have to deal with. It will help us greatly to solve the 
problem of acclimatisation when we have the exact factors that go to constitute 
the climate of Tropical Africa. At present there is no doubt that the weight of 
competent opinion — that is, the opinion of those who have had actual experience 
of African climate, and of those who have made a special study of the effects of 
that climate on the human constitution — is that though white men, if they take 
due precautions, may live and do certain kinds of work in Tropical Africa, it will 
never be possible to colonise that part of the world with people from the temperate 
zone. This is the lesson taught by generations of experience of Europeans in 
India. So far, also, sad experience has shown that white people cannot hope to 
settle in Central Africa as they have settled in Canada and the United States 
and in Australia, and make it a nursery and a home for new generations. 
Even in such favourable situatiorfs as Blantyre, a lofty region on the south of 
Lake Nyasa, children cannot be reared beyond a certain age ; they must be sent 
home to England, otherwise they will degenerate physically and morally. 
country can ever become the true home of a people if the children liave to he sent 
away to be reared. Still, it is true our experience in Africa is limited. It has 
been maintained that it might be possible to adapt Europeans to Tropical Africa 
by a gradual process of migration. Transplant Southern Europeans to North 
Africa ; aft(‘r a generation or two remove tlieir progeny further south, and so on, 
edging the succeeding generation further and further into the heart of the conti- 
nent. The experiment — a long one it would be — might be tried ; but it is to be 
feared that the ultimate result would be a race deprived of all those characteristics 
which have made Europe what it is. An able young Italian physician, Dr. Sambon, 
has recently faced this important problem, and has not hesitated to come to con- 
clusions quite opposed to those generally accepted. Ilis position is that it has 
taken us centuries in Europe to discover our hidden enemies, the microbes of the 
various diseases to which Northern humanity is a prey, and to meet them and 
conquer them. In Africa we have a totally different set of enemies to meet, from 
lions and snakes down to the invisible organisms that produce those forms of 
malaria, anmmia, and other diseases characteristic of tr{*pical countries. lie 
admits that these are more or le.ss due to heat, to the nature of the soil, and other 
tropical conditions, but that if once we knew their precise nature and modes of 
working we should be in a position to meet them and conquer them. It may be 
SO, but this is a result that could only be reached after generations of experience 
and investigation ; and even Dr. Sambon admits that the ultimate product of 
European acclimatisation in Africa would be something quite different from the 
European progenitors. "What is wanted is a .series of carefully-conducted experi- 
ments. I have referred to the Blantyre highlands ; in British East Africa there 
are plateaus of much greater altitude, and in other parts of Central Africa there 
are large areas of 4,000 feet and over above sea-level. The world may become so 
full that we may be forced to try to utilise these loftjr tropical regions as homes for 
white people when Canada and Australia and the United States become over-popu- 
lated. As one of my predecessors in tliis chair (Mr. Ravenstein) tried to show at the 
Leeds Meeting some years ago, the population of the world will have more than 
doubled in a century, and about 180 years hence will have quadrupled. At any rate, 
1897. 
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here is a problem of prime importance for the geographer of the coming century to 
attack ; witli so many energetic and intelligent white men all over Africa, it should 
not be dillicult to obtain the data which might help towards its solution. 

I have dwell thus long on Africa, because it will really be one of tlie great 
geographical problems of the coming century. Had it been as suitable as America 
or Australia, we may be sure it would not have remained so long neglected and 
despised by the European peoples as it has done. Unfortunately for Africa, just 
as it had been circumnavigated, and just as Europeans were beginning to settle upon 
its central portion and trying to make their way into the interior, Columbus and Cabot 
discovered a new \vorld, a world as well adapted as Europe for the energies of the 
white races. That discovery postponed the legitimate development of Africa for 
four centuries. Nothing could be more marked than the progress wliich America has 
made since its re-discovery 400 years ago, and the stagnation of Africa which has 
been known to Eurojie since long before the beginning of history. Uiiring these 400 
years North America at least has been very thoroughly explored. The two great 
nations which di\ ide North America between them have their Government simveys, 
which are rapidly mapping the whole continent and investigating its geology, 
physical geography, and its natural resources. I need liardly tell an audience like 
this of the admirable work done by the Survey of Canada under Sir Willinm Ijogan, 
Dr. Selwyn, and his successor, Dr. George Dawson *, nor should it be for- 
gotten that under tlie Lands Department ranch excellent topographienl work 
has been carried out by Captain Deville andjiis predeceasors. Still, thoiigli much 
has been done, much remains to he done. There are large areas which have not as 
yet even been roughly mapped. Within quite recent years we ha ve had lU'W regions 
opened up to us by the work of Daw'son and Ogilvio on the Yukon, by Dr. Bell in the 
region to the south of Hudson’s Bay, by the brothers Tyrrell in tiie Barren Lands on 
the west of the same bay, by O’Sullivan beyond the sources of the Ottawa, and by 
Low in Labrador. But it is not so long since that Dr. ])awson, in reviewing what 
remains to be done in the Dominion in the way of even pioneer exploration, pointed 
out that sometliing like a million square miles still remained to be mapped. Apart 
from the uninhabitable regions in the north, there are, as Dr. Dtuvson pointed out, 
considerable areas which might be turned to profitable agricultural and mining 
account of which we know little, such areas as these wliich have bemi recently 
mapped on the south of Hudson’s Bay by Dr. Bell, and beyond the Ottawa b} 
Mr. O’Sullivan. Although the Eastern and the NVestern Provinces have been 
very fully surveyed, there is a considerable area between the two lying between 
Lake Superior and Hudson’s Bay which .seems to l)a\e been so far almost 
untouched. A very great di-al has been done for the .survey of the rivers and lake.s 
of Canada. I need hardly say that in Canada, as elsewhere in America, there 
is ample scope for the study of many problems in physical geography — past and 
present glaciation and tlie work of glaciers, the origin and regime el lake basin.'^, 
the erosion of ris^er-beds, the oscillation of coast-lines. Happily, both in Canada 
and the United States there are many men competent and eager to work out pro- 
blems of this class, and in the Deports of the various surveys, the Transactions of 
American learued Societies, in scientific periodical.s, in separate publications, a 
wealth of data has already been accumulated of immense value to the geographer. 

Every geologist and geographer knows the important work which has been 
accomplished by the various survey.s of the United States, as well as by the variou.s 
State Surveys. The United States Coast Survey has been at work for more than 
half a century, mapping not only the coast but all the navigable rivers. The Lake 
Survey has been doing a similar service for the shores of the great lakes of North 
America, But it is the work of the Geological Survey which is best known to 
geographers — a survey which is really topographical as well as geological, and 
which, under such men as Hayden, King, and Pow^ell, has produced a aeries of 
magnificent maps, diagrams and memoirs, of the highest scientific value and in- 
terest. Kecently this survey has been placed on a more systematic basis ; so that 
now a scheme for the topographical survey of the whole of the territory of the 
United States is being carried out. Extensive areas in various parts of the States 
hare been already surveyed on different scales. It is to be hoped that in the future, 
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as in the pnst, the able men wlio are employed on this survey work will have oppor- 
tunities of working* out the physiograpliy of particular districts, the past and present 
geography of which is of advancing scientitic interest. Of the complete exploration 
and mapping of the North American continent we need have no apprehension ; it 
is only a (pu'&tion of time, and it is to bo hoped that neither of the Governments 
responsible will allow political exigencies to interfere with what is really a work 
of national importance. 

It is when we come to Central and South America that we find ample room 
for the imolficial explorer.^ In Mexico and the (^entral American States 
there are considerable areas of which we have little or only the vaguest knowledge, 
in South America there is really more room now for the pioneer explorer than 
there is in Central Africa. In recent years the Argent ini' Republic has shown a 
laudable zeal in exploring and mapping its immense territories, while a certain 
amount of good work has also been done by Brazil and Chili. Most of our 
kiiowlfdgo of South America is due to the enterprise of European and North 
American explorers. Along the gri'at river courses our knowledge is fairly satis- 
factory, but the immense areas, often densely clad with forests, lying between the 
rivers are almost entirely unknown. In Patagonia, though a good deal has re- 
cently been done by the Argentine Government, still in the country between Punta 
Arenas and the Rio Negro, we liavi' much to learn ; while on the weit coast range, 
with its innumerable Ijord-like inh'ts, its islands and peninsulas, there is a fine 
tield for the geologist and physical geographer. Indeed, throughout the whole 
range of the .Andes systematic exploration is wanted, exploration of the character 
of the excellent work accomplished by Whymper in theri'gioii around Chimborazo 
dliero IS an enormous area lying to the cast of the Northern Andes, and including 
their eastern slopes, embracing the eastern half of hlcuador and Colombia, Southern 
^’enezuela, and much of the countrv lying bi't ween that and Northern Bolivia, 
including many of tlie upper tributaries of the Amazon and Orinoko, of which onr 
Ivnowledg-e is of the scantiest. Even the country lying between the Rio Negro 
and the Atlantic is but little known. There are other great areas, in Brazil and 
in tlie Northern Chaco, which have only been partially described, siicli as the 
region whence the streams forming the Tapajos and the Paraguay take their rise, 
in Mato Grosso. A survey and detailed geographical and topographical descrip- 
tion of the whole basin of Lake Thlicaca is a desideratum. In short, in South 
America there is a wider and richer field for exploration than in any other con- 
tinent. But no mere rush tlirougli these little-known regions will sullice. The 
explorer must be able not only to use his .sextant and bis theodolite, his compass, 
and his chronometer. Any expedition.^ entering these regions ouglit to be able to 
bring back satisfactory information on the geology of the country travel aed, and 
of its fauna and flora, past and present; already the revelations which have been 
made of the past geograph}' of South America, and of the life that nourished there 
in former epochs, are of the highest interest. Moreover, we liave here the remains 
of extinct civilisations to deal with, and although mucli has been done in this 
direction, much remains to be done, and in the extensive r<>gion already referred 
to, the physique, the traditions, and the customs of the natives will repay careful 
investigation. 

The southern continent of Australia is in the hands of men of the same origin as 
those who have developed to such a wonderful extent the resources of Canada and 
the United States, and therefore we look for equally satisfactory results so far as 
the characteristics of that continent permit. The five colonies which divide among 
them the three million square miles of the continent have each of them efficient 
Government surveys, whicli are rapidly mapping their features and investigating 
their geology. But Australia has a trying economic problem to soh'e. In none 
of the Colonies is the water-supply quite adequate ; in all are stretches of desert 
country of greater or less extent. The centre and western half of the continent is 
covered by a desert more waterless and more repellent than even the Sahara ; so 

’ I am indebted for much of the information relative to South America to a 
valuable Memorandum by Sir Clements R. Markham and Colonel G. E. Church. 
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far as our present knowledge goes one-third of the continent is uninhabitable. 
This desert area has been crossed by explorers, at the expense of great sufferings, 
in various directions, each with the same dreary tale of almost featureless sandy 
desert, covered here and there with Spinifex and scrub, worse than useless. There 
are hundreds of thousands of square miles still unknown, but there is no reason to 
believe that these areas possess any features that differ essentially from those 
which have been found along the routes that have been explored. There have 
been one or two well-equipped scientific expeditions in recent years that have col- 
lected valuable data with regard to the physical characteristics, the geology and 
biology of the continent ; and it is in this direction that geography should look 
for the richest results in the future. There remains much to be done before we 
can arrive at satisfactory conclusions as to the physical history of what is in some 
respects the most remarkable land area on the globe. Though the surface water 
supply is so scanty there is reason to believe that underneath the surface there 
is an immense store of water. In one or two places in Australia, especially in 
Western Queensland, and in New South Wales, this supply has been tapped with 
satisfactory results ; millions of gallons a day have been obtained by ainldng wells. 
Whether irrigation can ever be introduced on an extensive scale into Australia 
depends upon the extent and accessibility of the underground water-supply, and 
that is one of the geographical problems of the future in Australia. New Zealand 
has been fairly well surveyed, though a good deal remains to be done before 
its magnificent mountain and glacier system is completely known. In the great 
island of New Guinea both the British and the Germansare opening up the interiors 
of their territories to our knowledge, hut the -western and much larger portion of 
the island presents a large field for any explorer wlio cares to venture into its 
interior. 

The marvellous success which has attended Dr. Nansen’s daring adventure into 
the Arctic seas has revived a widespread interest in Polar exploration. Nansen 
may be said to have almost solved the North I’olar problem — so far, at least, as 
the Old World side of the Pole is concerned. That some one will reach the Pole 
at no distant date is certain ; Nansen has shown the way, and the legitimate 
curiosity of humanity will not rest satisfied till the goal be reached. But Arctic 
exploration does not end with the attainment of the Polo, Europe has done her 
share on her own side of the Pole ; what about the side wdiich forms the Hinter- 
land of North America, and specially of Canada ? To the north of Europe aiid 
Asia we have the scattered groups of islands Spitsbergen, Franz Josef Land, 
Novaya Zemlya, and the New Siberian Islands. To the north of America we havt‘ 
an immense archipelago, the actual extent of which is unknown. Nansen and 
other Arctic authorities maintain that the next thing to he done is to complete, 
exploration on the American side, to attempt to do for that half of the North 
Polar region what Nansen lias done for tiie other half. It may be that the 
islands which fringe the northern shores of the New World are continued far to 
the north ; if so they would form convenient .stages for the work of a well-equipped 
expedition. It may be that they do not go much farther than we find them on 
our maps. Whatever be the case it is important, in the interests of science, that, 
this section of the Polar area he examined ; that as high a latitude as possible be 
attained ; that soundings be made to discover whether the deep ocean extends all 
round the Pole. It is stated that the gallant Lieutenant Peary has organised 
a scheme of exploring this area which would take several years to accomplish. 
Let us hope that he will be able to carry out his scheme. Meantime, should 
Canada look on with indiiFerence ? She has attained the standing of a great mid 
prosperous nation. She has shown the most commendable zeal in the exploration 
of her own immense territory. She has her educational, scientific, and literary 
institutions which will compare favourably with those of other countries ; her 
Press is of a high order, and she has made the beginnings of a literature and an art 
of her own. In these respects she is walking in the steps of the Mother Country. 
But has Canada not reached a stage when she is in a position to follow the 
maternal example still further What has more conti’ihuted to render the name 
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<jf Great Britain illustrious than those great enterprises which for centuries she 
has sent out from her own shores, not a few of them solely in the interests of 
science? Such enterprises elevate a nation and form its glory and its pride. 
Surely Canada has ambitions beyond mere material prosperity, and what better 
beginning could be made than the equipment of an expedition for the exploration 
of the seas that lie between her and the Pole ? I venture to throw out these 
suggestions for the consideration of those who have at heart the honour and 
glory of the great Canadian Dominion. 

Not only has an interest in Arctic exploration been revived, but in Europe at 
least an even greater interest has grown up in the exploration of the region around 
the opposite pole of the earth of which our knowledge is so scanty. Since 
Sir James C. Boss’s expedition, which was sent out in the year 1839, almost 
nothing lias been done for Antarctic research. We have here to deal with 
conditions different from those which surround the North Pole. Instead of an 
almost landless ocean, it is believed by those who have given special attention 
to the subject that a continent about the size of Australia covers the south 
polar region. But we don’t know for certain, and surely, in the interests of our 
science, it is time we had a fairly adequate idea of what are the real conditions. 
We want to know what is the extent of that land, wliat are its glacial conditions, 
what is the character of its geology, what evidence exists us to its physical and 
biological conditions in past ages? AVe know there is one lofty, active volcano j 
are there any others ? Moreover, the science of terrestrial magnetism is seriously 
impeded in its progress because the data in this department from the Antarctic are 
so scanty. The seas around this continent require to be investigated both as to 
their depth, their temperature, and their life. Wo have here, in short, the most 
extensive unexplored area on the surface of the globe. For the last three or 
four years the Boyal Geographical Society, backed by other British societies, have 
been attempting to move the Home Government to eijuip an adequate expedition to 
complete the work begun by Boss .sixty years ago, and to supplement the great workof 
tlie ‘ Chalhmger.’ But though sympathy has been expressed for Antarctic exploration, 
and though vague promises have been given of support, the GoviTument is afraid 
to enter upon an enterprise which might involve the services of a fiiw naval officers 
and men. We need not criticise this attitude. But the Boyal Geographical 
Society 1ms determined not to let the matter rest here. It is now seeking to 
obtain the support of public-spirited men for an Antarctic expedition under its 
own auspices. It is lelt that Antarctic exploration is peculiarly the work of 
England, and that if an expedition is undertaken, it will receive substantial support 
from the great Australasian Colonies, which have so much to gain from a know- 
ledge of the physical condition of a region lying at their own doors, and probably 
having a serious influence on their climatological conditions. II<'re, then, is one of 
1 he greatest geographical problems of the future, the solution of which should be 
entered upon without furtlier delay. It may be mentioned that a small and well- 
equipped Belgian expedition has already started, mainly to carry out deep-sea 
research around the South Polar area, and that strenuous efforts are being made in 
Germany to obtain the funds for an expedition on a much larger scale. 

But our science has to deal not only with the lands of the globe ; its sphere is 
the whole of the surface of the earth, and all that is thereon, so far at least as dis- 
tribution is concerned. The department of Oceanography is a comparatively new 
creation ; indeed, it may be said to have come definitely into being with the famous 
voyage of the ‘ Challenger.^ There Jiad been expeditions for ocean investigation 
before that, but on a very limited scale. It has only been through the results obtained 
by the ‘ Challenger,’ supplemented by those of expeditions that have examined more 
limited areas, that we have been able to obtain an approximate conception of the 
conditions which prevail throughout the various ocean depths — conditions of move- 
ment, of temperature, of salinity, of life. We have only a general idea of the 
contours of tme ocean-bed, and of the composition of the sediment which covers 
that bed. Qffie extent of the knowledge thus acquired may be gauged from tbe fact 
that it occupies a considerable space in the fifty quarto volumes — the * Challenger 
Publications ’ — which it took Dr. John Murray twenty years to bring out. But 
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tliat great luidertaking has only, as it were, laid down the general features of tl’e 
oceanic world. There is plenty of room for further research in this direction. Our 
own surveying ships, which are constantly at work all over the world, do a certain 
amount of oceanic work, apart from mere surveying of coasts, and islands, and 
shoals. In 1895 one of these found in the South Pacific soundings deeper by 500 
fathoms than the deepest on record, that found twenty years earlier by the 
‘ Tuscarora ’ to the north-cast of Japan. The deepest of these new soundings was 
5,165 fiithoms. In the interests of science, as well as of cable-laying, it 
desirable that our surveying ships should be encouraged to carry out w^ork of this 
kind nio^e systematically than they do at present. This could surely be arranged 
without interfering with tlieir regular work. VVe want many more observations 
than we now have, not only on ocean depths, hut on the nature of the ocean-bed, 
before we can have a satisfactory map of this hidden portion of the earth’s surface, 
and form satisfactory conclusions as to the past relations of the ocean-bed with 
what is now dry land. I believe the position maintained by geologists, that from 
the remote period when the great folds of the earth were formed the present 
relations between the great land-masses and the great oceans have ht‘eii essentially 
the same ; that there have no doubt been great changes, but that these have been 
within such limits as not to materially affect their relations as a whole. This is a 
problem which further oceanic research would go a long way to eluciilate. That 
striking changes are going on at the present day, and have been going on within 
the human period, cannot be doubted. Some coast-lines are rising ; others are 
falling. Professor John Milne, our great authority on Seismology, has colh’cted 
an extremedy interesting series of data, as to tlie curious changes that have taken 
place in the ocoan-hed since telegraphic cables have been laid down. The 
frequent bieaknges of cables have led to the examination of the sub-oceanic 
ground oil wliicli they have been laid, and it is found that slides and sinkings 
have occurred, in some cases amounting to liundreds of fathoms. These, it is im- 
portant to note, are on the slopes of the Oontinental Margin, or, as it is called, the 
Continental Shelf, as, for example, olf the coast of (yhili. It is iherc, where the 
earth’s crust is peculiarly in a state of unstable equilibrium, that we might expect 
to find such movements j and therefore soundings along the Continental Margins, 
at intervals of say five years, might furnish science with data that might be turned 
to good account. 

As au eAample of what may he done by a single individual to elucidate the 
present and pasr, relations between land and sea, may 1 refer to an able paper in 
the ‘ Ceographical.Tournal ’ of May, 1897, by Mr. T. P. Gulliver, a pupil of Professor 
Davi.s, of Harvard, himself one of the foremost of our scientific geograpliers ? Mr. 
Gulliver has made a special study on the spot, and with the help of good topo- 
graphical and geological maps, of Dungeiiess Foreland on the south-east coast of 
Kent. Mr. (t ulhver takes this for his subject, and works out with great care the his- 
tory of the changing coast-line here, and in connection with that tli(‘ origin and 
changes of the English Channel. This is the kind of work that well-trained geo- 
graphical students might undertake. It is work to he encouraged, not only for 
the results to he obtained, hut as one species of practical geographical training in 
the field, and as a reply to those who maintain that geograjihy is mere hook- work, 
and has no problems to solve. Profes.sor Davis himself has given an exam])le of 
similar practical work in his elaborate paper on ^ The Development of Certain 
English Rivers’ in the Hleog-raphical Journal’ for February, 1895 (vol. v. p. 127), 
and in many other publications. 

Another important problem to attack, and that in the near future, is that ot 
Oceanic Islands. 1 say in the near future, because it is to be feared that very 
few islands now rmnain unmodified by contact with Europeans. Not only have 
the natives been affected, both in physique and in customs, but the introduction of 
European plants and animals has to a greater or less extent modified the native 
fauna and flora. Dr. .Tohn Murray, of the ' Challenger,’ lias set a good example in 
this direction by sending a young official from the Natural History Museum 
to Christmas Island, in the Indian Ocean, one of the few untouched islands 
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that remain, lyin^ far away from any otJier land, to the south-east of the 
Keelings. 

"What islands aie to the ocean, lakes are to the land. It is only recently that 
these interesting geogTaphical features have received the attention they deserve. 
Dr. Murray has for some time been engaged in investigating the physical con- 
ditions of some of the remarkable lakes in the West of ftcotland. Some tlirei‘ 
years ago my frhmd and colleague Dr. Mill carried out a very careful survey of the 
English lakes, under the auspices of the Koyal Geographical Society. JTis sound- 
ings, his ohservations of the lake conditions, of the features on the margins of and 
around the lakes, when combined with the investigati<m of tlie regime of the ri\ers 
and the physical geography of the surrounding country, conducted by such accom- 
plished geologists as Mr. Marr, alTord tlie materials for an extremely interesting 
study ill the geographical history of the district. On the Continent, again, men 
like Professor Penck, of Vienna, have been giving special attention to lakes, that 
accomplished geogra])her’s monograph on Lake Constance, based on the work of 
the live (States bordering its shores, being a model work of its kind. Put the 
father of Limnology, as this brancli of geography is called, is imdouhtedlv Pro- 
fessor Ford, of Geneva, who for many years has been investigating the conditions 
of that classical lake, and who is now publishing tlie results of his research. Dr. 
Forel’s paper on ^ Limnology : a Branch of Geography,’ and the discussion which 
follows in the Deport of the last International Geographical Congress, affords a 
very fair idea in short space of the kind of work to be done by this branch of the 
science. In France, again, Delebecque is devoting himself to a similar line 
of research ; in Gennany Tile, Ilalhfass, and others ; Pichter in Austria, and the 
Balaton Commission in Hungary. I may also here refer appropriately to Mr. 
Israel 0. Ptussell’s able work, published in Boston in 181)5, on ^Tho Lakes of 
North America,’ in which the author uses these lakes as a text for a discourse on 
the origin of lake basins and the part played by lakes in the cliauges studied by 
dynamic geology. One of the best examples of an exh<ans1ive study of a lake basin 
will bo found in the magnificent monograph on Lake Bonneville, by Mr. f}. K. 
i.Tilbert, and tliat on Lakt‘ Laboiitan by 3lr. Isiael Cook llussdl, published by the 
United (States Cieological Survey; the former is indeed a complete history of the 
great basin, the largest of the intmior drainage areas of the North American 
continent. In the publications of the various Surveys of the United States as 
well as in the official reports of the Canadian Lake Surveys, a vast amount of 
material exists for aii}^ one interestc*d in the study of lakes; in addition, the 
elaborate special Reports ou the great lakes by the ITydrograpbic Dt^partment. 
Indeed, North America presents an exceptionally favourable field for limnological 
investigation ; if carried out on a systematic method the results could not but be 
of great scientific interest. 

Rivers are of not less geographical interest than lakes, and these have also 
recently been the subject of special investigation by physical geographers. I have 
already referred to Professor Davis's study of a special I'luglish river system. The 
work in the English l^ake District by Mr. Marr, spoken of in connection with 
Dr. Mill’s investigations, was mainly on the hydrology of the region. Both in 
Germany and in Russia special attention is being given to Ibis subject, while in 
America there is an enormous literature on the Mississippi alone, mainly, no doubt , 
from the practical standpoint, while the resnll. of much valuable work on the 
St. luawrence is buried in Canadian official publications. 

But time does not admit of my going farther. I might have pointed out the 
wide and vastly interesting field presented h3" what tlie Germans call Anthropo- 
geograpliy, dealing with the iiiterrelationa between luimanity and its geographical 
environment. Geography, 51 r. Mackinder has said, is the physical basis of history ; 
it is, indeed, the pliysieal basis of all human activity, and from that standpoint 
the field for geogra])hical research is unbounded. But I can only hint at this. I 
have endeavoured to indicate what are some of the loading geographical problems 
of the future, first in order to show at this somewhat critical epoch how very 
much yet remains to be done, bow many important lines of inquiry are open to the 
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geographical student, and that the possibilities of our science are, like those of 
other aepartraeiits of research, inexhaustible. aim has also been to indicate 
by actual examples what, in the conception of British geographers at least, is the 
held of our subject. We need not trouble greatly about any precise definition so 
long as there is such a choice of work for the energies of the geographer. I trust 
I have been, to some extent at least, successful in the double object which I have 
had in view in this opening address in a country which presents so splendid a field 
to the practical geographer. 

The following Papers and Report were read : — 

1. Kafiristnn and the Kafirs, By Sir Georgk Scott Robertsox, K.C.S.I, 

The paper began Avith general remarks upon the geographical position of 
Kafiristaii— the origin of the name, which means the Land of the Infidel ex- 
cellence, according to Muharainedan conceptions. Attention was then drawn to the 
dissimilarity this country bears to India in climate, vegetation, and in physical 
characteristics. Kaliristan was described as a highland region with a fairly 
equable temperature, in spite of greatsunimer heat and heavy snowfiill accompanied 
by severe cold in the winter. It is made up of an intricate network of mountain 
spurs and ridges, without roads, unless liillside tracks, impassable for horses, and 
even for dogs in many places, may he so termed. The limited cultivable area is 
fairly productive. Tlie scenery varies from tiny sloping fields and orchards, from 
luxurious tangles of wild vines and pomegsanates to magnificent pine forests, 
according to altitude, but invariably includes a large view of profitless hillside and 
rock. Some of the higher elevations, Avhero villages are to be found, are strangely 
bleak and inhospitable, and the people have a hard struggle to liv(‘. Of the inhabit- 
ants many interesting details were giv(*n, while their manners and habits were 
illustrated by a numerous series of lantern slides, made from photographs and 
draAvings. In feature the Kafirs are distinctly Aryan. They sefem to be bravo 
after the fashion of the North American Indians, shunning for the most part 
the open combat, and relying ehiefiy upon ambushes, night attacks, and surprises. 
Of course the poorness of their weapons compels tlieso modes of warfare. For 
the rest, their cupidity, jealousy of one another, and proneness to quarrel make 
them difficult folk to live amongst. Their political organisation is feeble, each 
A alley being the home of a particular tribe, and sometimes of more than one. 
Many different languages and dialects are spoken, and internecine strife Avas rarely 
intermitted. It is not surprising, therefore, that the Amir of Kabul made an easy 
coiKpiest of Kafiristan as soon as the disturbances all along the border in 1895 
left no chief strong enough to fight for a balance of poAA’er against the redoubtable 
Abdul Rahman. Although no one could say whether the Afghan conquest would 
be permanent or not, it seemed fairly certain that the Kafir change of religion from 
paganism to Islam, which has now been enforced, would remain. The alteration 
could not be for the Avorse. On the other hand the position and morals of the 
women, both deplorable, avouM be improved, the traffic in cliildren as slaves would 
cease, the endless bloodshed on this frontier might be stopped. Nevertheless the 
oldAvild, picturesque life of the Kafirs, terrible and cruel as it was in many respects, 
was full of the elements of romance. It ga\^e forth, at times, bright instances of 
bravery, devotion, and personal sacrifice. No one could reflect, without sorrow, 
on the substitution of self-righteousness, spiritual pride, and austerity, too often 
hypocritical, for an ancient faith Avliich, degraded as it was, tanglit its votaries to 
he masterful and free. 

2. Report on the Climate of Tropical Africa . — See Reports, p. 109. 

3 . Kovaia Zeinlia and its Physical Geoc/raphy. 

By Delmar Morgan, F.R.O.S. 

In this paper recent Russian investigations in Novaia Zemlia are summarised. 
In 1895 an expedition commanded by M, Chernysheff visited this island continent 
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and passed two months in the southern island, crossing it for the first time from 
west to east. 

The views of von Baer and other earlier explorers that Novaia Zemlia is 
<>eologically connected with tlie Pai-hoi are correct only as regards the southern 
])art and Vaigats ; the northern part of the southern island, including both sides of 
Alatotchkin Strait, show a north-westerly strike of the strata, therefore conform- 
able, not with the Pai-hoi, but with the (iral. 

The folding process in Novaia Zemlia coincided with the Palajozoic epoch, and 
from that time denudation forces have been at work. In this way the system of 
cross valleys has been developed and the well-known Alatotchkin shar formed. 

The glacial period in Europe was contemporaneous with that of Novaia Zemlia. 
This was followed by its submergence beneath the ocean, together with vast tracts 
of Northern Europe, Asia, and America. This submergence reduced the extent of 
the glaciers in the north or mountainous region, entirely obliterating them in the 
south, while the formation of deltas dates from the same period. 

Novaia Zemlia is now undergoing a new process of glaciation, which will 
convert it into an icy wilderness. 

\'arions observations concerning other points of interest are contained in the 
paper. 


4. Sr(t ^J'eiirperat HvcH NortJt of Spit. Jhj B. Lkigii Smith. 

The author in his schooner yacht ‘ Samson ’ left Grimsby on May 16, 1871, with 
the object of following the Gulf Stream northward. On June !«> he left Tromso^ 
landed on Bear Island on the 60th, and cruised along the west and north coasts of 
Spitsbergen, until the middle of September. In 1872 and 1876 these expeditions 
were repeated, and numerous observations of temperature were made by means of 
a Mdler-Casella tlicnnometer. The r(\sult was to prove for the first time the 
undoubted existence of warm water beneath the cold surface layer. These facts, 
although communicated to ‘Peterraann’s Mitteilungen ’ and to Professor Mohn by 
the author’s Norwegian sailing master, have not until this year been published 
by him. 


TdhJe of Ten\}>pr(tt)n'fH oti hoitrd the ^ Smnsou,^ 1871 72. 
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FllIDA Y, A UG UST 20. 

The following Papers and Ileport were read 

1. Scientific Crcograiilnj for Schools. lUj KiciiARD E. Dodge, Professor if 
(xcography^ Teachers^ College^ Kcic York City^ U,S.A. 

This paper is a plea for tlie assistance of geographei’S in the improvement of 
geograpliy teaching in America, and particularly the United States. It opens 
with a general statement of the present condition of geography teaching and of 
the lines of wealcness. The aim of geography teaching bidng to mahe the pupils 
able to gain geographic information for themselves as well as to train tlieir minds 
and store them witli useful facts, the question arises as to how this aim is to bt‘ 
.secured. Tlie writer pleads for scientific geography based on a knowledge of the 
home conditions. Ho urges that problems in geography be early introduced in 
the school work, that the pupils may be trained, not only iji observation and 
inference, but in the proving of their inferences. He df'seribes the work in 
geography done by pupils of eight and nine years of ago at the Teachers’ College, 
New York City, the work being carried on by teachers not specially trained in 
geography. 

In no study can scientific training be introduced as early as in geography, and 
the value is inestimable. The need of the improvement is very apparent, and 
scientific men should aid in the work 

Assistance can be given by publications of such a character and in such a plact* 
that the teachers may come in contact Avilh them and gain from them. There is 
great need of lectures, and excursions for teachers under the care of scientific 
geographers. Geographical appliances are in many cases ])oor and scanty. The 
.lid of the scientitic geographer is needed in carrying out and elaborating in other 
jiarts of the world the excellent plan of the Geographical Association of Great 
llritain. 

There is also a great need of more publications showing the relation of geography 
to history and culture, such publications being particularly applied to the needs of 
teaolior.s. 

In these and other ways scientific men can, if they will, assist the teachers to a 
great extent. The writer urges the co-operation of all in this important woi’k. 


2. lleport on Geoyraphical Education . — See Deports, p. 370. 


3. Forestry in India. Jiy Lieut.-Col. Eked. Bailey, late U.E. 

In early times tlie greater part of India was covered with forest, but tlie land 
not cleared for cultivation was, for tlie most part, denuded by over-cutting and 
over-grazing Avith burning. If denudation has not affected the climate gene- 
rally, it has Avithout doubt resulted in the drying up of springs and streams 
lising Avithin the areas deprived of the shelter of a crop of trees; and this is a 
serious matter in connection with the question of irrigation by canals led from 
rivers which are not snow-fed, as well as in localities AA^hcrc damag-e has resulted 
from the formation of ravines and torrents. The permanence of the supply of 
timber and other forest produce for the use of the native population and for State? 
purposes has also been endangered. 

When the Government wi.shed to take action its poAvers Avere found to he 
uncertain, for the destructh'e usages of the people had come to be regarded as 
inalienable rights ; and it was necessary to pass a special Forest T^raa', which, among 
other things, provided for the formation of reserved forests, after a full inquiry 
had been made into claims, and for the regulation of proved riglits within limit.« 
Avhich Avould not endanger the permanent maintenance of the forests. The work 
of ‘ settlement ’ is now approaching completion in several provinces. 
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In order to secure the forests from over-felling, and to ensure that all 
work done may tend towards the production of the largest quantity of wood of 
the kind most desired, working plans aie a necessity; and considerahle progress 
has been made in their preparation. During the dry weather the forests become 
extremely inflammable, and vast areas have been annually burnt over from time 
immemorial, with the result that the cro]) is reduced to the poorest possible 
condition, or entirely destroyed. Measures have been taken to meet this great 
evil, and large areas are now successfully protected. 

The controlling staff of the Forest Department is trained in England, but the 
candidates follow a course of practical instruction in Continental State forests. 
The native executive oflicers are trained at the Imperial Forest School at Dehra 
Dun. 

What has been done could not have been accomplished by private enterprise. 
The (io\ernmont has set an example which has been followed by several of the 
more important Native States. Aluch more remains to be done, but forest con- 
servancy in India has reached a stage at which its steady progress cannot be 
arrested. 


I. A Scheme of (reoyraphicaf Classification. 

By Huojr Robeiit AIill, D.Sc.^ FJi.S.E. 

A classification of any branch of knowledge is necessary for the purpose of 
recording- the several contributions of specialists, and the following scheme of 
geographical cla^-sification has been worked out practically during the elaboration 
of a subject catalogue of geographical literature. The essential primary division 
is into general and special geography. The former, which might equally well be 
termed pure or ahstracT geography, includes all general considerations which do not 
depend upon particular places; the latter reduces itself to an index of positions. 
It would bo served most completely by employing latitudes and longitudes; but 
practically political subdivisions must be used. 

The first principle in the classification of each great division is to grou]) together 
facts of approximately the same order ; thus, c.y., we might take the continent as the 
first order of classification in the second division, the country as the second, and 
the province and county as the third and fourth. It would be fatal to the logical 
completeness of any scheme to mix up the three orders in one category. The 
number of orders to be adopted would depend to some extent on the detail 
required, but practically four would sufiice, and in many eases three. A con- 
venient notation would facilitate classification, and one is suggf'sted in the paper 
whereby the various orders are distinguished by letters of dilferent type and by 
numerals. 


Outline of Class fentum. 
(dnoGKVPKY, (iBNUKAi.. [To the secoud order.] 


^IVTHEMVTicAL Glogkai'HY ill gene- 
ral : — 

Geodesy. 

Surveying. 

Cartography. 

Globes and models. 

Geographical instruments. 

Physical GEOQKArnY in general: — 
Geomorphology. 

]Moiintaiiis in general. 

Earthquakes. 

Glaciers. 

Tjakes. 

Kivers. 


Climatology. 

Oceanography. 

Dl0-GE0GiivrnY~ in general: — 
Distribiitioii of plants. 

Distribution of animals. 
Antiekopo-Glogr vphy in general : — 
Ethnography. 

Historical geography. 

Political geography. 

Commercial geography. 
Geographical education. 

Place names. 

Geographers’ biographies. 
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Geography, Special. [Divisions of the hrst order only.] 
The Earth as a whole. 


The Lais^d as a whole. 

Europe. 

Asia. 

Australasia. 
rAciFic Islands. 

America as a whole. 

North America. 

( T.ntral America and 'West Indies. 
South America. 

Africa. 

Polar Keg ions. 


The Ocean as a whole. 

Atlantic Ocean (seas and islands as- 
subordinate divisions). 

Indian Ocean (seas and islands as 
subordinate divisions). 

Pacific Ocean (seas only). 

Southern Ocean. 


T). On the Distribution of Detritus by the Sea. 

By Vaughan Cornish, M.Sc.^ F.Ji.G.S., F.C.S. 

The object of this investigation is to explain the processes which distribute the- 
detritus that enters the sea at its margin, 'fhe processes can bo deduced from the 
observed mode of occurrence of terrigenous ^materials on the foreshore and on the 
sea bottom, from the mode of occurrence of the rocks, from the motions of sea 
water, from the circumstances of attrition, from the behaviour of dust, and from 
the motions of individual pebbles and grains of sand. 

The author deals in considerable detail with the motions of water due to tides- 
and waves, and the transporting effects of these motions. 

It is shown that the transport of fine mud downhill from the coast seawards is 
not due to the action of gravity. 

Shoals and beaches (persisting structures of changing material) are dealt with 
in a manner similar to that employed by the author in the study of sand dunes- 
Geographical Journal,’ March 1897). 

It is shown that the usual reasoning from the behaviour of individual pebbles 
and sand grains to the behaviour of beaches is vitiated by the neglect to take 
account of the fact that the variation in the proportion of the ingredients greatlj" 
exceeds the variation in the mobility of the individuals. 

The paper, which will appear in evfenso in the ‘Geographical Journal,’ com- 
prises the following heads : viz.. The Motions of the Sea, Mud Flats of the Deep 
Sen, The Sifting of Sand from Shingle, The Formation of a Shingle Peach, The 
Grigin of the Kidge and Furrow Structure of a Shingle Ness, The Grading of 
Peach Material (under which heading the case of the Chesil Peach is discussed), 
Sandy Peaches, The Origin of the ‘Low’ and ‘Pall’ of a Sandy Shore, The- 
Accumulation of Sandy Forelands and Sandbanks, and The Contours of Coasts. 


6. On certain Suhinariue Geoloyical Changes, 

By John Milne, F.R.S., F.G.S. 

This communication was largely an epitome of a lengthy paper on ‘ Suboceanic 
(Tianges’ published in the July and August numbers of the ‘Geographical 
Journal.’ To this, however, a few new but important observations were 
added. 

The author pointed out that the general result of denudation on the land was 
to bring materials to a lower level, and by gradually wearing away excrescences 
like mountain heights to render such forms more stable. Peneath the sea these 
materials are accumulated in slopes, which, being formed largely under the 
influence of gravity, are unstable. As the deposits grow, from time to time facial 
slidings take place from weight alone, and from the escape of fresh water from 
subterranean springs. The most important cause of submarine landslides are the 



TRANSACTIONS OF SECTION E. 


717 


shakings accompanying submarine earthquakes, these disturbances resulting in 
•efFecte at least equal to, but probably greater than, those we see produced upon the 
land. Observations conducted over many years have shown that earthquakes, 
which are announcements that adjustments in strain or isostasy of rock masses are 
in progress, are much more frequent along the submerged slopes of the con- 
tinental plateau than they are on land, which leads to the conclusion that the 
districts of greatest secular movements on the surface of our planet are to be found 
beneath the ocean. The best evidence for these facts is furnished by submarine 
•cables. 

Besides interruptions due to waves, the borings of teredo, and other operations 
in shallow water, we have a class of interruptions at comparatively great depths, 
in some instances exceeding 2,000 fathoms. In almost all these instances, which 
•do not occur in the flat plains of ocean beds, but along the edge of submarine 
banks and the edges of the submerged continental frontier, the cables are 
apparently buried by the sliding downwards of large bodies of materials from 
higher levels. The result of this is that it has often happened tliat two or three 
cables, 10 or 15 miles apart, have been destroyed simultaneously. Many examples 
were given where an earthquake, more or less severe, has been felt on land, and 
at the same moment a cable has been broken. In some instances when this has 
occurred, an impulse has been given which has thrown an o(*ean like the Pacific 
into a state of agitation for a period of one or two days. 

When these submarine disturbances have been great the resultant earth 
movement has been such that, with suitable instruments, it might be recorded at 
any point upon the surface of the globe. 

The most remarkable observations connected with submarine earthquakes are, 
however, those which have resulted in changes of depth up to at least 200 fathoms 
over considerable areas. To study these submarine dislocations, and to determine 
whether cables have been interrupted by artificial operations such as accompany 
war, or by natural means, horizontal pendulums which will record the unfelt 
movements of the earth’s crust should be established round the shores of all our 
continents and on oceanic islands. The importance of these observations to our 
colonies must be apparent. 

Another set of phenomena whicli promise to throw light upon the fluctuations 
in the enormous strains within the rocky envelope of our planet, which sometimes 
culminate in fractures, 100 or more miles in length, are the records of magneto- 
meters. The effect of torsional and other strains on the magnetic conditions of 
iron and nickel is well known, and it may reasonably he supposed that kindred 
effects may be induced by strain in rock-masses. At all events, at three magnetic 
stations on the coast of Japan, commencing in one case a week, and in another 
about two weeks, before the great earthquakes of 1896 in that country, the instru- 
ments showed marked but abnormal movements, these being greatest at the 
station nearest to the seismic foci. They reached a maximum some hours before 
the shocks took place, after which unusual displacements ceased. 

Should future observations confirm that which is here noted, we shall then 
have at our disposal another method of gaining information of changes in opera- 
tions, the scene of which is hidden from our view not only by the oceans but by 
the solid rock. 

7. The Congo and the Ca'pe of (xood Ilope^ 1482 to 1488. 

By E. G. Ravenstein. 

The discovery of the Congo and of the Cape of Good Hope constitutes two of 
the most interesting episodes in the history of geographical exploration. Apart 
from the legends on Beh aim’s globe, which must be accepted with caution, not a 
single original report by one of those who took part in these voyages has reached 
us, and hence the information given even in the best accredited histories of geo- 
graphical exploration is erroneous in several important particulars. Recently, 
however, the inscriptions upon some of the columns set up by the early Portuguese 
navigators have been deciphered ; several ancient manuscript maps have become 
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available, and even one or two contemporary documents bearing upon tbo subject 
have seen the light. This enables us to give a more trustworthy account of these 
early voyages. 

When King Alfonso died in 1481 the whole of the western coast of Africa, as 
far as Cape Catherine, had been discovered. King John, his successor, entered 
heart and soul into the business of exploration so successfully carried on by his 
ancestc'rs. In 148*2 (and not 1484) he despatched Diogo Cao on his first voyage, 
which led to the discovery of the Congo and of the coast to the south of that ri\er 
as far as lat. 1T° 27' S. After his return, on April 14, 1484, the explorer wa^ 
knighted, and figures of the two columns which he had erected were introduced 
into the coat of arms which was granted him. He set out again almost imme- 
diately, and succeeded in revealing the coast as far as Capo Cross in lat. 21° 54' 8. 
If a legend on Germano s old chart can be trusted, he never returned from this 
expedition, but died near the last column erected by him. Martin Behaim claims 
to have commanded one of the ships of this expedition ; and although it is possible 
that he was a member of it, ho certainly did not play the important part as captain 
or ^ cosmographer ’ which he claimed. Ilis reputation is based upon a globe the 
manufacture of which he superiiiteuded at the request of the town council of his 
native town, Nurnherg (141)2), and a passage in Barros’ ^ Asia,’ which mentions 
him as a member of a board of mathematicians, instituted by King John to devise 
a method of determining latitudes by moans of meridian altitudes of the sun. Thi«. 
however, is all a myth. Long before the time of Behaim, and even before llegio- 
montanus, his alleged teacher, such tables had- been prepared by Zacuto, a learned 
Spanish Jew, and these tables, as also the astrolabe, were in use among Portuguese 
mariners long before Behaim tirst came to Lisbon, in 1484, and there is no rea^'on 
to assume that Behaim ever took an interest in scientitic work. Ilis globe show-' 
.that he was thoroughly incompetent, for in laying down the part of the coast 
which he claims to have personally visited he errs to the extent of 24 degrees in 
latitude. 

In 1480 an expedition from Benin brought news that there resided, at a con- 
siderable distance in the interior, a powerful C’hristian king, who was at once 
identified with ‘Prester John ’ of Abyssinia. King John forthwith despatched two 
expeditions, both of which started in J487, the one, including l^aiva and Oovilhao, 
by land, the other, under Bartholomew Dias, by sea. Covilhao reached India, 
journeyed along the east coast of Africa as far south as Sofala, and ultimately 
entered Prester John’s country. Dias doubled the Capo of Good Hope, probably, 
at the beginning of 1488, and followed the coast as far as the Great Fish Diver, 
when his crews insisted upon being taken home. Thus the possibility of reachinn 
India by sailing all round Africa had been demonstrated, and the realisation of thr 
far-reaching plans of ITi'iiry the Navigator only became a question of time. 


SATrinjAr, august 21 . 

The Section did not meet. 


AWyDAY, AUGUST 2:1. 

The following Papers were read : — • 

1. Institutions enyar/ed in Geographic Work in the United States. 

Bg Marcus Baker, Vice-President of the. National Geographic Societg. 

The paper, written at the suggestion of the Hon. Gardiner G. Hubbard, is a 
summary account of the principal Federal and State organisations Avhich have con- 
ducted important geographical explorations and surveys in the United States 
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during the century : it is designed to give such an account of these institutions, of 
their history and of their methods and results, as will bring out the relation-' 
among the institutions and introduce a somewhat more detailed account of the 
work of particular surveys and bureaus presented by other American repre- 
sentatives. 


2. A Brief Account of the Ceogruphic Work of the Uulled Stutcfi Coast aad 
Geodetic Aurveg. Bg T. C. formerly Aniierintendenf if 

the Aurvey. 

This paper begins with a summary sketch of the history of the United States 
Coast and Geodetic Survey since its creation in 1S07, and proceeds to describe the 
developm<uit and improvement of methods, as well as the extension of tlie work 
from the bays and harbours of tiie middle Atlantic slope to all portions of tln^ 
Americnii coast. Tlie methods, purposes, and results of the transcontinental 
triangulatioii are set forth, together with leading features of the work in the 
measurement of gravity for the purpose of determining the figure of the earth and 
controlling the detailed surveys. The precise determination of latitudes and 
longitudes is also descrilied, and the methods and extent of mapping are indicated, 
lleference is made also to the preparation of the coast pilots and to the deter- 
mination of t(UTestrial magnetism, Arc. 


3. The ]Igdrogra])hy of tJte United A tales. Bg F. IT. Newell, Chitf of 

the Division of ILgdrographg of tiie United Atates Geograghiejd Anrreg. 

This is an account of the development of hydrographic surveys in the F^nited 
States up to the present date. All of those survt'ys are relatively recent, and it is 
shown tiiat tlie period of exploratory work has passed — already the locations of 
streams and lalves are known. The second stage of ])rogress in whicli tlic volume 
and fluctuations of the water are ascertained lios been entered upon ; the study of 
the applicatims of these d(‘terininations to welfare is just heginning. The field of 
in\ostigation is first outlined, and the purposes of the investigation are set forth ; 
then the investigations are described in some detail for the ])iupose of indicating 
methods and suggi'sting applications; and the paper closes with a sLiinmary state- 
mi'iit of results. 


4. The Coastal Vlain of Maine. Bg Fiofessor William Mokuis Davis. 

Southern Maine is bordered hy a narrow and irregular coastal plain, dissected 
by numerous small valleys. It is ordinarily the case tliat coastal plains are limited 
by sub-parallel lines marking the firmer and present shore line of the region, as 
may be seen in the typical example that skirts the eastern margin of the Deccan 
ill India. Diit the coastal plain of IMaine has a most inegular inner and outer 
boundary, and its surface is interiupted here and there by ridges and hills of 
rugged rocky surface, similar to that of the oldland furtlier inland. The inner 
boundary or former shore line is irregular, because it marks the edge of a partly 
submerged hilly region at tlie time tlui clayey strata of the plain were accumu- 
lating. The outer boundary is irregular, because the period of submergence and 
dejiosit did not endure long enough to produce a smootli sea-hottom ; hence, when 
the plain was revealed by elevation, the new Giore line was little less ragged than 
the old shore line, and time enough has not yet passed for its simplification, even 
by the strong .Atlantic waves. The streams and rivers, extended from the oldland 
across the plain, have incised valleys along their consequent courses. Thus the 
surface of the plain is to-day of moderate inequality of form. At many points the 
streams have cut down their channels upon buried ledges, and thus falls are 
developed. In coastal plains of simpler form such falls occur only near the inner 
border of the plain ; here they may occur close to the outer border, and this is no 



720 REPORT — 1897. 

email advantage, as it gives the largest possible volume to the fall and places it 
near sea transportation. 

Although of small area and modest relief, the coastal plain of Maine between 
the oldland behind it and the sea in front exercises a manifest control on the 
distribution and occupation of the people. The irregular shore line affords many 
harbours ; here fishermen and boatbuilders are found. The numerous waterfalls 
deiine the sites of manufacturing villages and cities. The smoother parts of the 
plain are occupied by farmers, who utilise the adjacent ridges and hills of the old- 
laud for pasture and woodland. The oldland itself, unless well sheeted with glacial 
drift, is rugged and inhospitable, and the sad little farms in occasional clearings 
there are in marked contrast to the thrifty and well-to-do houses and barns on tlie 
plain itself. 


r>. The Unification of Time at Sea. By C. E. Lumsdex. 


6. The Barren Lands of Canada. />// J. B. Tyrrell, M.A., B.Sc. 

The ^ Barren J 4 ands,’ or more properly the Northern Plains and Prairies ol‘ 
Canada, cover an area of about 400,000 square miles between the Mackenzie Rivet 
and Hudson Bay, extending from the coast line of the Arctic Ocean down to the 
general northern limit of the forest. On the west coast of Hudson Bay they reach 
southward to north latitude 59°, and thence their southern boundary extends in a 
north-westerly direction, roughly at right angles lo the magnetic meridian, to 
within a short distance of the mouth of the Mackenzie Biver, crossing the Kazan at 
Enuadai Lake, the 4’elzoa River at Boyd Jjake, and keeping some distance back 
from the shore of Great Slave Lake. 

In general character the country is a vast undulating, stony plain, thinly 
covered wdth short grass, while rounded rocky hills rise here and there through 
the stony clay. Tt can be divided into two fairly distinct portions, viz., the 
^ Coastal Plain,’ which rose from beneath the ocean in post-Glacial times, and the 
‘ Interior Upland,* with a somewhat more pronounced topography, just as it was 
loft nt the close of the Glacial epoch. 

The whole country slopes gently towards the north-east, and the three main 
streams which drain it have a more or less parallel course in that direction. These 
streams are the Back or Great Fish Riv(‘r, with a total length of 050 miles ; tin* 
Telzoa or Doobaunt River, Avith a length of 750 miles; and the Kazan River, with 
a length of about 490 miles. 

Tlie author showed illustrations, drawn from photographs, exemplifying the 
general character of the country, its herds of reindeer, and its native inhabitants. 


7. Ceof/raphic Work of the United States (Geographical Survey. 

By Charles V. Walcott, Director of the Survey. 

The paper begins with the summary sketch of geographic surveys in the 
United States prior to the organisation of the United States Geographical Survey 
in 1879, and then sets forth the methods and progress of the geographic surveys 
conducted by this bureau. The surveys are designed for mapping on scales of 
1 ; 0:2,600 and 1 : 126,000 ; and the work is drawn and engraved on copper in the 
oilice of the survey ; the mapping is in sheets, each covering a quarter of a square 
degree for the larger scale and one-sixteenth of a square degree for the smaller 
scale, and each is engraved on three copper plates for printing in three colours — 
black for the projection and culture, &:c., blue for the hydrography, and brown for 
the hypsography or vertical relief (which is expressed in contours). The purpose 
of these maps is to form a basis for the geo^aphical surveys and the general 
geological maps of the United States, which it is the primary function of the survey 
to execute. The geographic surveys have already extended over about 760,000 
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square miles, and are represented on nearly a thousand map feheets. The author 
proceeds finally to point out some of the various uses of the survey and resulting 
facts in addition to the purely geologic applications. 


8. The Topographical Worh of the Geological Survey of Canada, 

By J. White. 

This paper treats of the topographical \vork of the Geographical Survey from 
its inception in 1841 to the present time. 

In the absence of anything like a general geodetic survey of the Dominion the 
Geological Survey, as the only organisation charged with the mapping of the 
country as a whole, has been forced to undertake extensive surveys and explora- 
tions. 

The operations in the field may be divided under two heads: — 

1. The reconnoissance and exploratory surveys of the unexplored and the less 
accessible areas of Northern and Western Canada. 

2. The detailed surveys, for mapping on regular scales, of the more accessible 
and the settled portions. 

9. The United States Daily Weather Survey, By Professor Willis L. 
Moore, LL.D.^ Director of the United States Weather Bureau, 

It is the purpose of this paper to present a summary sketch of the work of the 
Weather Bureau in ascertaining the various features controlling climate in the 
United States and in adjacent territory. To this end the growth of the bureau is 
sketched and the methods pursued in various stations and offices, extending from 
the Pacific to the Atlantic, are described. Special note is made of recent extensions 
in the service into Mexico on the south-west and Canada on the north, and plans 
for extending the work into the West Indies are develojied. Special attention is 
given also to the recent improvement in forecasting through the use of kites, by 
which the condition of the air is determined at altitudes of one to two miles above 
the land surface. 


TUKSVA Y, A Ua U8T 2 1 . 

The following Papers were read : — 

1. The Economic Geography of Rhodesia. By F. C. Selous. 

The author traces the history of the British occupation of South Africa, and 
goes on to discuss the economic geography of the country, mainly with reg-ard to 
agriculture. 

The form of the land, an elevated plateau, insures a generally healthful climate, 
and avoids the most serious drawback to European colonisation in tropical Africa. 
Fever is still common in many parts, but may be confidently expected to disappear 
in the more elevated regdons when the land is cultivated and the swamps are 
drained. The superior healthiness of Western Matabeleland is attributed to the fact 
that for sixty years the land has been cultivated by a relatively dense population. 

With regard to agriculture and cattle-rearing, the present visitation of rinder- 
pest is an epidemic, and not the usual condition of the country. Locusts, which 
have recently wrought much damage to crops, come periodically, but in ordinary 
times Khodesia is healthy for cattle and fertile for grain. Irrigation will achieve 
much in many parts of the country. There may never be a great export of agri- 
cultural produce, but Rhodesia bids fair to be self-supporting and to supply the 
whole population drawn into the country by its mineral wealth. 

Details are given in the paper drawn from the author’s residence in South 
Africa for twenty-five years. 
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2. A Journey in Tripoli, By J. L. Myres, M.A, 

3. On the Direction of Lines of Structure in Eurasia. 

By Prince Kropotkin. 

The aim of this paper is to put in evidence the importance of certain directions 
■which prevail in the main lines of orientation of plateaus and chains of mountains 
in Asia and Europe. The very important part played by erosion and denudation 
in the shaping of the orographical features of the continents is well known ; but 
even after that agency has been fully taken into account, we find in Eurasia two 
main directions which are followed by the chains of mountains and the plateaus ; 
namely, from S.W. to N.E., and from N.W. to 8.E., or rather from N. W. by W. 
to S.E. by E. 

In Asia, the prevalence of these two directions is quite evident. Of the two 
great plateaus which make the backbone of Asia — the Asia Minor plateau and 
the great plateau of East Asia — one runs N.AV. to 8.E., and the other runs S.W. 
to N.E. The border ridges of these plateaus, as well as the ridges which are 
situated on the plateaus, and the Alpine tracts which fringe them all follow the 
one or the other direction. And the better the orography of Central Asia is 
known the more distinctly these two directions appear on our maps. 

The broad features of the orography of East Asia which were mapped out by 
the author in 1870 were extended by Petermann to the south-western parts of 
Central Asia, and were embodied into his map of Asia for Stieler’s Atlas. They 
seem now to be pretty generally accepted. The Stanovoi Khrebct, which ran W. 
to E.on our older maps, has disappeared; the high plateau with its lower terrace 
and the Great Khingan bordering that lower terrace, as well as the series of 
parallel ridges running N.E., parallel to it, which he ventured to indicate then, are 
by this time figured on most of our maps. It may be said that the investiga- 
tions which were made within the last twenty-five years furtlier and further 
confirmed this conception of East Asia’s orography. The Nan Shan system, the 
Altyn-tagh, and the several chains of the Kuen-lun ; the mountain ridges of the 
Darvaz ; the high chains of the Klian-Tengri system ; the Great or Ek-tag Altai ; 
and the mountain ridges on the middle Iloang-ho, which all were traced twenty 
years ago in all directions, take now on modern maps the orientations 8. W. or 
N.E., or N.W. to S.E. And we see more and more distinctly appearing on the 
maps of Asia that immense plateau — extremely similar to the great plateau of 
AVe.stern North America, thougli directed N.\V. instead of N.E. — which divides 
Asia into two parts, entirely differing from each other in tlieir climate, vegetation, 
and all general geographical characters ; so much so that the vegetation on the 
S.E. slope of the great plateau (Amur region) is much more like to the A^egetation 
of British Columbia than to the vegetation of West Siberia. 

Professor MiLshketoifs researches in the Tian Shan have revealed another fact 
of very great importance ; namely, that the upheavals running towards the N.E. 
are the oldest ones (Archaean or I’alaeozoic), while those chains of mountains 
which run S.E. to N.W. are more recent— that is, belong to the Mesozoic times. 

In Europe the same two directions have the same prevalence. The Urals 
appear now to consist of upheavals, or rather of mountains and plateau slopes 
running alternately N.E. and N.AV. The leading feature of Scandinavia’s oro- 
graphy are : lines of high plateaus running N.E. into the peninsula of Kola, and 
a lower terrace running also N.E., from Scania to Finland. In Russia the 
dominant feature (altered hero and there by erosion) is the central plateau, which 
runs from the Carpathians to the Middle Urals, all physical and even economical 
features of the country (fertility of the soil, crops, &o.) being subordinated to this 
leading feature. In Caucasia and Asia Minor the plateau which stretches from 
AVest Armenia to Daghestan (S.W. to N.E.) and the main chain running N.W. 
to S.E. are the dominant features. 

In Bosnia, Montenegro, Albania, and Macedonia the N.W. direction prevails, 
while the north-eastern prevails in the Alps. In the Pyrenees we find (as in the 
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Urals) a complex of two chains running N.W. in the centre (Schrader’s Map), and 
two chains running N.E. on both ends of the main massif; while the Sierras de 
Estrella, de Gata, de Gredos, and Guadarrama, and the chains of Sierra Morena of 
Murcia and Granada assume the N.E. direction. The central plateau of France 
and the mountains of Scotland are again instances in point. 

Of course these two directions are not exclusive. The eastern Tian Shan, 
some mountains of Minusinsk, and, may be, the Balkans are instances of the W. to 
E. direction, and faint traces of meridional upheavals (which may continue even now 
to be going on) may be indicated. Chains en echelon (Spain, North Asia) must also 
be mentioned ; as also curved border ridges grown on the edges of plateaus, espe- 
cially along the N.W. border of the high plateaus of Asia, where the deepest 
depressions lie at its borders (southern shore of Caspian, Lake Baikal). Various 
causes may contribute to produce this growth of mountains along the edges of 
plateaus, especially if these chains have originated at a period when the 
plateaus were continents surrounded by the ocean. 

Tlie fact that the two groat plateaus of Asia and Nortli America — the two 
oldest backbones of the two continents — converge towards Behring Strait, in the 
same way as at the present time the continents have their narrow extremities 
})ointing towards the South Pole, deserves a special attention. This fact may be 
one more conlirmation of the hypotheses which look for general telluric, or even 
perhaps cosmical causes in order to explain the origin of mountains altogether. 


4. Poia))iolo(j\j as a Branch of Physical Geoyraphy, 

By Professor Albrecht Penck, Vienna, 

’Pile paper shows the necessity of a profound study of rivers as a department of 
physical geography, equivalent to oceanography and limnology. This branch may 
foe called potamology. It can be treated under five different heads — * 

1. The physics of running water. 

2. The bulk of water and its fluctuations. 

2). The action of water on its bed. 

4. Tlu', distribution of rivers on the earth. 

T). The rivers as a scene of organic life. 

d’he author points out that the physics of running water are not known to such 
a degree that a formula for the mean velocity could be established, the existing 
ones being in general incorrect. lie farther gives an account of some new results 
obtaiiK'd by him concerning the bulk of water of Central European rivers and its 
relation to precipitation; he expresses the wish that measurements of the quantity 
of water of the larger rivers should be undertaken, and that the results of gauge- 
observations should be published in a regular way, as are the results of meteoro- 
logical observations. lie proves the necessity of studying the movement of river 
gravels, and of publishing maps of river-bottoms. He shows that there is still a 
want of exact knowledge of the magnitude of river-basins and river-lengths of 
European and North American rivers, and refers to some difficulties in determining 
those quantities. As to rivers which by climatic causes are not constantly 
running, he agrees that extreme values of their catchment basins and lengths 
should be determined. While acknowledging what bad been already done for the 
study of rivers for practical purposes (irrigation, floods, navigation), he holds that 
much remains to be done in order to establish a scientific potamology. 


5 . Geographical Development of the Lower Mississip)2^i- 
By E. L. CORTHILL. 


3 A 2 
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6. South-eastern Alaska Geography and the Camera. 
By Otto J. Klotz. 


7. The First Ascent of Mount Lefroy ami Alonnt Aherdeen. 
By Professor H. B. Dixon, FJi.S. 


8. Mexico Felix and Alexico Deserta. By O. H. IIowartii. 

The physical structure of the region comprised in the ^lexican Pepuhlic, viz.^ 
that of a high plateau of some 550,000 square miles in area, fringed by a narrow 
belt of low-lying lands on either coast, has led to its being usually described 
under three climatic divisions — the Tierra Caiiente, or Hot Lands, the Tierra 
Templada, or Temperate Lands, and the Tierra Fria, or Cold Lands. For practical 
purposes such a description can hardly be said to afford any strict geographical 
definition, inasmuch as the climatic conditions of any particular locality are not 
dependent only on temperature, but also on altitude, rainfall, evaporation, forest 
growth, proximity of ocean waters, and other modifying causes, all of which 
operate in varying degrees at difierent latitudes. Omitting the coast levels, which 
are essentially tropical in character, though not wholly within the tropical 
limits, and the higher mountain ranges of the interior, it is to be observed that the 
general characteristics of that portion of Central America are still subject to much 
misapprehension in the minds of those unacquainted with Mexico. Regarding 
the conditions of human life and prosperity, it occurs to me that tlie general 
distinction into ^ Mexico Felix ’ and ^Mexico Deserta’ is somewhat more to the 
purpose; and it will be seen that those conditions have little to do with mere 
temperature by itself— still less with actual latitude. 

From a breadth of some 1,200 miles at the United States frontier, on about the 
30th parallel, the continent narrows gradually throughout its south-easterly trend 
to one of only 120 miles at the Isthmus of Tehuantepec, widening again at the 
borders of Guatemala, some 14 degrees further south, before it contracts finally 
to a 45-mile strip at Panama. From the general altitude of 8,000 to 4,()0(> 
feet, extending through the south of Arizona, New Mexico, and Texas (U.S.A.), 
there is a further gradual rise beyond the course of the Rio Grande, and a 
general level of 5,000 feet and upwards is maintained for 1,200 miles, until, south 
of the city of Mexico, it declines again by a series of terraces tn under 2,000 feet, 
mounting up once more in the States of Oaxaca, Guerrero, and Chiapas. Yet the 
mean temperatures and evaporation are considerably higher, and the rainfall lower, 
in the northern portion of this tract than in the south, which is commonly supposed 
to belong to the torrid regions of the earth. While the mean temperature during 
last year in the city of Mexico was slightly under 60° (Fahr.) that of Monterey, in 
the State of Nuevo Leon, was over 74° ; whereas at the city of Oaxaca, 300 miles 
further south than Mexico City, and at 2,000 feet less elevation, it was no more 
than 67° The northern States of Chihuahua, Coahuila, and Nuevo Leon preserve 
largely the characteristics of Nevada and Arizona, comprising vast arid plains of 
sage-brush, mosquite, and cactus, intersected by treeless mountain ranges, and 
forming a zone between the regions of winter and summer rains upon which the 
latter intrude but sparsely and only in occasional seasons. Hence it is that in the 
southern States of North America the higher rainfall, together with the altitude and 
approximation of the oceans, has developed a climate both healthier and more- 
equable, and a vegetation which in the north is only found in patches or amongst 
the heights of the coast ranges. 

Perhaps the evidences of this peculiarity which possess the most direct Interest 
for us are those bearing upon the population of these southern regions in remote 
ages, the study of which is rapidly leading ua to assign to them an antiquity at 
least as great as any ofVhich the world holds any record. 
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wj ^: dnesday , august 25. 

‘rhe following Papers were read : — 

1. The Afuterial Conditions and Growth of the United States, 
By Henry Gannett. 


2. Geographical Pictures. By Hugh Robert IVIill, D.Sc.y F.R.S.E. 

[With Lantern Illustrations.) 

In view of tlie prominent place now taken by photography in the work of all 
travellers it is necessary to urge the importance of taking pictures which are 
geographically as well as photographically ^ good.’ Such pictures must be truth- 
ful and representative, the utmost care being taken to avoid distortion, to supply 
some indication of scale, and to bring out the characteristic features. General 
views comprehending a considerable area are desirable for showing types of land- 
forms or sites of towns. Pictures on a larger scale are desirable for showing the 
detail of special features, such as varieties of architecture, means of transport, or 
agricultural processes related to certain geographical conditions. As far as possible 
'every geographical picture should sliow something distinctly illustrative of a natural 
feature or a local condition peculiar to the place where it was made, or at least 
characteristic of it. The handsomest house in a village, the rarest foreign tree in 
a park, or the prettiest view in a district, represents the sort of subject most olten 
photographed, and tliey are precisely those of least geographical value. The 
paper was illustrated by numerous lantern views of typical scenery, people, and 
processes of geograpliical signiiieance. 


3. Geographical all -pictures. By Professor Albrecht Penck. 

Cieographicnl education needs means of representation. The student should not 
have only the knowledge of facts, he must be enabled to represent to himself the 
features of the earth’s surface. There cannot be any doubt that lantern slides 
.atlord a very good means for helping to get such clear representations as are needed, 
but, on the other hand, other means of geographical representation may not be 
neglected. The projections of lantern slides are of a mere temporary character, 
•excellently fitted to illustrate the spoken word, but education needs also means for 
impressing deeply the most important features of the earth’s surface into the minds 
-of the students. 

At Vienna we use for this purpose with the greatest advantage the geographical 
pictures issued by the establishment of Edward Ilobsel. These are printed in 
different oil-colours, the si;io of each being 32 ; 24 inches. Tbe whole collection 
•embraces now thirty-seven pictures (the price of each being 4^. = ^1.00) ; the greater 
part (twenty-three) indeed represent European features, but more than one-third 
represent sceneries of other continents, and six give American views. The high 
educational value of the collection concerns the morphology of the earth. Five 
pictures represent different types of vegetation forms, the tropical virgin forest, 
i\8 well as the Hungarian steppes; nine the forms of the highest mountain ranges 
in Europe, North America, and Asia, with their glaciers ; four show the different 
actions of water ; seven pictures illustrate the formation of valleys and the whole 
cycle of land-destruction ; four show volcanoes in different parts of the world ; eight 
represent types of coastal formation. 

The Ilobsel collection of the geographical character pictures is now completed 
by a set of geographical city pictures of larger size. The pictures of London, 
Paris, and Vienna have already appeared. There is also a very good collection of 
historical wall-pictures edited by the establishment of Hohsel. The collection 
■embraces sixty-two sheets, executed after drawings of Professor Langl. 
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Geography in the University. By Professor William Morris Davis. 

Geography is inherently of sufficient interest, importance, and disciplinary 
value to deserve a place in the university on an equal footing with history. 
Without such recognition the scientific development of the subject must languish, 
as would that of any other subject not represented in higher education. A full 
development of geography as a university study requires due attention to its two 
parts — the physical environment of man on the one side and his way of responding 
to environment on the other side. After due preparation on these fundamental 
subjects, the geography of continental or other areas may be taken up. 

Two advantageous results may bo expected from the full recognition of 
geography as a university subject. The first is an advance in the status of 
geography in the lower schools, where it is now too often in an unfortunately 
degraded condition. The second is a more thorough and scientific record of 
travellers’ observations, which are now too often merely personal narratives of 
adventure, with little of serious geographical matter. 
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SrxTiON F.— ECONOMIC SCIENCE AND STATISTICS. 


PiiT:sii)ENT OP THE SECTION F. O. K. (JoNNEii, M.A., Professor of Economic 
Science in University ('ollcge, Liverpool. 


THURSDAY, AUGUST 19. 

In t ile absence of the President the folloAving Address was read by thellon.'Sir 
0. W. Fremantle : — > 

In the selection of the subject on wliich I propose to offer, according’ to custom, a 
few remarks to-day, 1 have been influenced by the wish to choose one which is 
not only of present importance, but such that it may provide occasion for the 
discussion of the advance which economic study has made, and of the methods 
whereby that advance has been achieved. The position of the Labour Question 
in modern thought and its economic treatment is a matter well worth attention 
from these various points of view. In addition, its consideration cannot fail 
to throw light on the connection wliich exists between the economic growth of a 
country and the main developments of Economics as a stud^. "Whatever their 
view of the subject itself, few will deny the curiously emphatic position occupied 
by Labour and the various q^uestions relating to it and its conditions at the present 
day. Illustrations present themselves on many sides. Evidence may be adduced 
from almost all quarters of literature, even from those seemingly unlikely. To the 
novel writer and the novel reader working-class life has formed a continent almost 
as newly discovered as that sighted by Columbus and others, or rather by others 
and Columbus, in the fifteenth century; and even when the novelist is chastened 
into unnecessary discretion and distant allusiveness in his description of detail and 
habits by the fear, perhaps the unnecessary fear, that his audience is less ignorant 
than himself. Labour Problems and Labour Difficulties brood like a nightmare in 
his mind and leave their mark on his pages. It is the same in other literature, 
where they reign in almost undivided monopoly. The ^ working man ' button-holes 
the reader in the library and at the news-stall, and stays beside him in the very 
discomforting guise of a problem when he aits by the fireside in the evening. And 
as in literature so in life, as in life so in public discussion. On all sides there is 
the same feature. In all directions there has grown up the same tacit habit of 
regarding each question as hardly worth discussion till it has passed the pre- 
liminary test not only of its effect on the position of the working class, but of the 
view they are likely to take of it ; rightly, no doubt, inasmuch as it implies the 
consideration of their interests, often neglected in the past ; wrongly when con- 
strued into the conclusion that all measures or changes which they resent are 
necessarily evil. A similar tendency is shown in recent economic literature, 
and particularly in that of the past quarter of a century, which treats of the con- 
ditions and remuneration of manual labour with force just as undeniable as the 
length of the chapters and the number of the books devoted to the subject. What 
may be termed the bias of economic studies is very evident. Just as at one time 
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the balance of trade and commercial relations with foreign countries, and at 
another currency schemes and currency iniquities, pervaded the atmosphere, so now 
Labour and the Labour Question, and writer after writer struggles beneath its 
fascination, helpless in his efforts to avoid its introduction in every part of his 
work, suitable or unsuitable. Like the reference to the head of a departed 
English monarch, it forces an entrance page by page and chapter by chapter. 
What a revenge time has brought with it for former neglect ! Ilow great the 
present prominence is and how recent is shown by a comparison between the sub- 
jects discussed to-day and those discussed at the beginning of the present or 
during the past century, between the general trend of an economic treatise now 
and that of those of the past. Then Labour itself was the subject of bare refer- 
ence as an agent of production, and as one, but by no means the chief, factor 
requiring payment, and in only a few cases were there traces that its condition 
and its environment were even regarded as matters for economists to discuss, while 
now there is the risk of other elements escaxnng attention. It is not the way in 
which the subject is dealt with that is insisted on here, but the bare prominence of 
the subject, though the former in its turn has changed greatly, the somewhat rigid 
impassiveness of the earlier date yielding to expressions of a vivid and personal 
sympathy. 

On turning to what is the Jirst portion of our task — the consideration of 
the causes which have made thus conspicuous one agent in production and one 
economic element — the identification or rather the confusion of labour with labour 
of one grade calls for remark. Labour is the term used to denote either the work 
of one class, the class, that is, which monopolises the title of the working-class, 
or all human work necessary to production. Tn some instances the term is 
stretched so far as to include all effort, direct or indirect, involved in production. 
But thjugh instances of these different meanings are found in abundance, and 
though the second of them is the most strictly consistent, as it expresses the dis- 
tinction between personal effort and that which is not personal, Labour when 
used emphatically and spelt with a capital initial is almost invariably, so far as 
popular usage is concerned, taken as implying some particular reference to the 
grade of manual labour. Other labour, skilled labour or labour of management, 
if included at all, is treated as comparatively insignificant. To all intents and 
purposes by labour, especially when conditions and remuneration are referred to, 
is meant manual labour. This restriction in definition is significant and unfortu- 
nate. Associations centring round labour in the wider sense come almost imper- 
ceptibly to be conceived of as relating to labour in the more narrow meaning of 
the word. Coincident with its growth in popular favour, the tendency to restrict the 
term has increased. It is true, of course, that in economic writings labour, 
when defined, is applied to personal action of all grades and of all degrees of skill, 
but even tliere laxity finds entrance in the frequent unguarded use of slipshod 
popular expressions, as the difficulties of labour, the labouring classes, conflicts 
of labour and capital, and the like, when by these are meant the difficulties and 
interests of one class of labour only. Sneb, then, is the aspect which confronts 
the student of social phenomena in the present day. Considerations respecting 
Labour have acquired, and that comparatively recently, an unusually large share 
of attention at the very time when the term, in popular usage at any rate, has 
been shorn of some part of its meaning and severely restricted in definition. 

The causes of the new prominence of this class of labour form a subject of 
much importance, for on our knowledge of them largely rest the conclusions as 
to the true significance of the problem and the meaning of such results as we 
discern. Such knowledge also provides the means of discriminating between 
clianges due to direct economic movements and those arising out of nothing more 
than an altered attitude on the part of society brought about by general causes. 

To some, no doubt, the explanation of this particular change, and of the pro- 
minence of this question, lies in the greater humanity which cliaracterises the 
economic thought of the present as contrasted with the past ; to others, in the wide 
extension of the franchise, and the admission to political power of the classes 
whose interests lie in the above direction ; while others again believe that they 
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find it in the subtle changes in the general conceptions of a restless and singularly 
.receptive society. But these yarious impulses, important though no doubt 
their influence has been, are very general in character, and s'oem hardly definite 
•enough to account for a change in thought so distinctive aiid so unrelieved 
in its nature, while all of them are open to the pertinent criticism that they them- 
selves may l>e due in part, and in large part, to modifications in economic circum- 
stances. Were they, or any of them, the sole or even the principal cause, it is 
hardly necessary to add that the alteration which has taken place has been in the way 
of looking at things, and not in things which are looked at. Others, again, have 
found their answer in the greater degree of certainty and assurance with regard to 
economic elements which in earlier times constituted difficulties in the way of 
progress and menaced considerable dangers, and it is true that much that may be 
urged in this direction is well founded. Oapital which, at the beginning of the 
present century, was in imminent demand and vastly insufficient for the develop- 
ment of industry, has grown, not by any slow if certain increase, but by leaps and 
bounds just as certain, and its accumulation under the most varying vicissitudes 
has removed the constant apprehensions as to its supply which confront the reader 
in early literature. The relation between population and its food supply, which 
left an indelible mark on one period of economic thought, has temporarily, at 
any rate, retreated into the background with the opening up of new countries, the 
discovery of new natural forces, and the observed conditions of the more settled 
nations. Again, so far as England is concerned, the adoption — and for the time, 
at any rate, the successful adoption — of a Free Trade Policy, led to a lull in tlie 
controversies which raged with regard to tariffs, the balance of trade, and protec- 
tion. Less importance, too, has been attached to difficulties involved in the 
ownership of the land and the conditions of its cultivation, partly through 
measures of economic reform, partly, so far as the older and more settled countries 
are concerned, by reason of the subordination of agricultural interests to the grow- 
ing and giant industries of manufacture and commerce. Indeed, the only questions 
which remain conspicuous by reason either of agitation or intrinsic urgency relate 
to currency, a matter which, however pressing, suffers under the popular disad- 
vantage that its discussion is seen to reipiire actual knowledge, because of its use 
of technical terms, and one wliich to all of us is of increasing interest, the 
economic relations which should exist between the various portions of a widespread 
empire, with its aspirations after greater cohesion and co-ordinated though distri- 
buted strength. 

But the very fact that in these respects the various nations dilfer largely, 
and tliat despite these differences tho position of the manual labour classes 
uniformly impresses itself, though perhaps in varying degree, upon the plastic 
mind of the public, suggests the existence of some positive and active force as a 
cause for this prominence ; and such we find in the alterations in the conditions 
of labour, which have led naturally, positively and necessarily to a change in the 
estimation in which it is held. 

Though the course of economic development during the past century and a half 
has differed greatly in various countries, being largely affected both by the par- 
1 icular stage of progress to which tliey have attained and by the varying relative 
importance of the two great branches of agriculture and manufacture, a change in 
the method of employment is common to all. In England this feature is displayed 
in stronger and more definite relief, less embarrassed than elsewhere by extraneous 
influences ; and it is in England that its nature has been most attentively studied. 
There the period has been one of undoubted change. The revolution in the 
methods of industry, of which much has been said, had its counterpart in agricul- 
ture, less noticed, perhaps, but hardly less important. While in the former the great 
mechanical inventions, with the introduction of water and steam power, accelerated 
the change already in progress from a system of small and local industries to a 
system of great national industry, the agricultural classes were the witnesses of 
alterations as vital to their interests, and which were to co-operate in producing a 
remarkable alteration in the general conditions of employment. Owing partly to 
improvements in agriculture itself, partly to the sweeping effects of the inclosures 
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and the abolition of common rights, partly to the greater opportunities afforded for 
the use of capital hy these and other causes, farming came to be carried on in 
greater separation from proprietorship, and both the average size of farms and of 
properties would seem to have increased. Agricultural labour became more and 
more the occupation of a class of agricultural labourers, disassociated from capital 
and severed more decisively than before from the ownership of the soil, or tlie 
prospect of independent cultivation. But this was the very change which 
took place at much the same time in manufacture. Here, too, the powerful 
progress of change was sweeping into the distant past the small master craftsman 
with his one or two apprentices and his three or four journeymen. Here, too, in 
ever increasing number throng those who are employed with small hope or prospect 
of ever employing either themselves or others. The development of the means of 
communication and locomotion, at first by road-making and canalisation, and 
afterwards by the laying and extension of the vast railway system, sot free demand 
from those bonds of restriction which had confined it to seek its satisfaction in the 
products of the district, and by delocalising demand localised industry. Here and 
there, indeed, local industries continued to survive, here and there special circum- 
stances stood in the way of the establishment of factories, but elsewhere and in 
general there emerged into view the colossal growth of the nineteenth century, 
the system of Great Industry. And one feature, and that the most important 
feature so far as we are concerned, in industry as in agriculture, was the demar- 
cation of those engaged into the classes of tlmployer and Employed. 

This tendency to horizontal cleavage, to borrow an expressive term, which may 
he studied in the contrast between the existing systems and those of the past, as 
well as ill the history of the actual movement, was greatly accentuated hy the 
blurring of those lines of vertical division which had left districts and local groups 
partially self-suhsistent and separate ; and, in England and certain other countries, 
hy the disproportionate increase of the urban population, more closely knit and 
more sensitive to sentiments of union and the possibilities of common action. 
Non-competing grades have been substituted for non-competing groups. Though 
these former are more than two, being many in number and capable of extension 
so far as some degree of non-competition is concerned, there are, however, cir- 
cumstances inherent in our system which make the separation between the class 
of manual labour and the others more complete, and restrict within tlie most 
rigid limits the competition which can take place. It has been said, indeed, that 
the leading feature of modern times is the substitution of the cash nexus for the 
personal nexus, hut it may be doubted if it is really the most important. Pecuniary 
payments connect the employers and those who under the more skilled labour of 
superintendence control direction and invention, and yet these latter classes rank 
themselves and are ranked in general estimation with the'employers rather than 
with the employed. They are not included popularly, at any rate, under the term 
labour when labour difficulties are spoken of. We must look somewhat deejier for 
an explanation. There are some tliree or four characteristics which may serve to 
distinguish labour in its popular sense from the other industrial grades. 

In the first place, the work is different. Manual labour has to do what is set 
before it, the others have to devise what is to be done. Their work is one con- 
cerned largely with management and with organisation as a whole, and this quality 
not only enables them to realise the entire circumstances of the industry, but in 
many cases relieves them from the narrow and unsatisfying consequences of 
specialisation or restriction to the performance of particular portions of the com- 
mon task. In the second place, the needs of the manual labour class are particular. 
Specialisation, and particularly manual specialisation, with its blunting effects on 
the mind, requires a powerful corrective. In the third place, the highly-skilled 
labour which directs and invents is less decisively removed from the chance of at- 
taining to the employing class, and even if few prove successful in this to the full 
extfent, the functions they exert are closely akin. It is, no doubt, true that no posi- 
tive harrier is placed in the way of indetinite rise on the part of those engaged in 
labour of any kind, however unskilled ; but in point of practice the obstacles to be 
overcome amount well-nigh to prohibition. In the fourth place, the dependence 
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of several millions of men for their existence on a weekly wage apportioned by 
others, and dependent on vicissitudes which they not only cannot control, but do 
not foresee, is a very striking fact. A miserable insecurity attaches to their posi- 
tion, But a weekly or daily wage and uncertainty are ill companions, lligbtly 
or wrongly, the responsibility is attributed to those who pay the wage, and the 
inculcation of thrift, with all its good effects, only increases the confusion and 
sharpens the censure. The influences thus described have, no doubt, rarely been 
Operative all to the same effect, and frequently have nut been all present at the 
same time ; but shorn though it be, in one case of one, in another case of another, 
the change which has passed over the lower and more numerous classes of labour 
is substantially the same. Owing to it labour is subject to the condition of 
employment by others, and is less responsible in feeling and partly in fact for its 
own direction, and for the continuance of the means of earning its own mainten- 
ance. To the restrictions of society with some reason, and to those who represent 
to him tlie restrictive influences without reason, tlui w^orking man vaguely, if not 
definitely, attributes want of work, slackness of work, and change of work. Limi- 
tations of some kind have always existed, and it would be wrong to ignore the fact 
that the condition of the classes in question was far worse when these were the 
incidents of custom and external nature than at present ; but then in those cases 
the limitations on the action of individuals were both inevitable and impersonal. 
In many ways they seem to have interfered less with the innate conviction on the 
part of those who were self-employed that failure and success rested on themselves. 
But now the whole bulk of the nation is employed by others. Another aspect too. 
People often resign themselves to the inevitable, but they do not recognise the 
inevitable in the actions and opinions of others. 

Moreover, there are other influences besides those purely economic which have 
added proininonco to this important separation into the two classes of Employers 
and Employed, a \ ery small class of Employers and a very largo class of Em- 
ployed. 

The extension of political power and political privileges, which has affected tha 
operative class most of all, has had consequences in more than one direction : 
men wlio become voters exercise a greater influence on public opinion and on the 
opinions of their would-he leaders, than is the case when logic and argument 
form their only weapons or means of persuasion ; and though at times this 
may take unpleasant forms, in the main it is a perfectly sound political result. 
People are not made voters in order to act as jurors in an abstract question. They 
are representative of particular feelings, and are responsible to themselves as 
to the whole Htate for bringing into view the interests which are theirs, and the- 
amelioration of which forms part of the problem of government. But even more 
important in this connection than the influence thus summoned into being for tlio 
rediess of mucli that is ill, is the nature of the relation between political equality 
and social equality. No one nowadays, or, to speak accurately, hardly anyone, 
believes in the vague and fantastic doctrines which embraced physical and mental 
equality, as if the time had come for mankind to be cast in one mould, and for 
identity of condition and accomplishments. But still the extension of political 
equality may he held to promise something. If not, what can he more vain than 
the cry for the extended franchise ? A vote by itself is no precious possession if 
we consider it mainly as the right to give abstract decisions on matters of more or 
less general interest, and as carrying with It no social assurances. Surely a thing 
such as this would not have formed the motive of the great enthusiasms, and made- 
death itself a thing of nought to those who sought it in tumultuous times. But it is- 
just because it seemed to them to ho something more than this that it won its 
mastery over their life, and because it is taken to be more than this that the more 
recent extensions of the franchise are so significant. They are construed as ration- 
ally involving a greater equalisation, so far as human opportunities are concerned,, 
and as conveying an assurance that there shall not be, so far as society can help 
it, any one class condemned to bear from generation to generation the burden and 
toil devolving on the lowest ranks of labour. But whether the feeling be rightly 
defined, whether it he in itself right or wrong, a belief in such a connection is 
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powerful in makinj^ more conspicuous tlie subject of I jabour, especially tbe position 
of Employed Labour. 

In another way this subject j^ains additional prominence, as has been suggested, 
by the temporary abeyance of other causes of economic embarrassment, and 
insufficient though this might be as a substantive cause, it is impossible to under- 
rate its effect as subsidiary in the cause of a change already accomplished and 
capable of attracting more interest with each fresh access of attention besto^^ed 
upon it. 

But even these do not exhaust the number of subsidiary causes to which so 
much is due. There are others, and though many of them are comparatively 
unimportant this is far from being the case with one. The age itself and the 
character of the age has much to do with the attention, and especially with the 
sympathetic attention, patiently yielded to the problem. To characterise an age is 
never easy. It is difficult even when the age is far distant and the human 
memory so far kind as to refuse to retain more than one or two pieces of informa- 
tion, letting the others slip through a.nd fall into a deep and un recovered oblivion. 
How much more difficult when the epoch is our own? But in this instance 
there are some few features so marked and so capable of identification, that one 
pauses to ask in amazement if the age of the Renaissance has not dawned upon us 
again in an altered guise. The resemblance is the more striking if we take the 
general characteristics and asjiect of the two periods as distinct from the particular 
direction in which the respective movements trend. A renaissance is twofold. On 
the one hand it is a time of unrest, due, indeed, to the breaking down of old 
ideals and the decay of former springs of conduct and life, but due also to the 
magnificent new life quivering to its birth. On the other hand, the meaning of 
the particular renaissance is to be found in the nature of its own ideals and the 
fresh direction and impetus imparted to life. Briefly, it is not onlj a change but 
a particular change. What the new ideals are and what the new direction, will be 
determined by the past history and the present needs of the nation passing through 
its time of stress, and groping blindly after the truth which is to give meaning to 
its actions, and which it must struggle to express in art and literature and by every 
means at its command. Analogies between this present period and that of the 
fifteenth and sixteenth centuries present themselves in different ways. Then, as 
now, the time was one of discovery, for the great geographical discoveries of the 
earlier epoch find a counterpart in the scientific discoveries which, like them, have 
had effects both destructive and constructive ; destroying, that is, convictions and 
opinions resting on certain narrow conceptions of the sphere of life, but giving 
opportunity on the other band for new ideas and vaster conceptions. Both are 
times of a new learning, and though the causes giving rise to the enthusiasm for 
knowledge may differ, in both cases knowledge has been sought in a return from 
theories rigid and out of consonance with life to life itself and the facts of life. In 
the sphere of religion and morals the likeness is strangely evident. In both cases 
the particular form of religion was found inadequate, in both cases there was 
failure to distinguish between the fleeting form and the abiding reality, and in 
both cases there were particular tendencies, largely by way of result, affecting 
morals and conduct. In the fifteenth century, as now, these latter were not so 
much in the direction of that coarseness which somehow or other is often called 
immorality, but rather in that of a lack of moral discrimination and will. 
Prejudices are to be put on one side, prejudices as to morals, prejudices as to 
the relations of sexes, prejudices as to one thing and the other. What does it 
mean ? Partly, perhaps, a positive uncertainty — .sometimes a pretended un- 
certainty — as to right and wrong; partly, again, a wanton and curious desire 
to experiment on all sides and everywhere, to gain emotional experience irrespective 
of the means and the cost whereby it is gained. Novelty is allowed to cover a 
multitude of sins. Some such impulse reveals itself in the literature and life of 
the Renaissance. Do we recognise nothing like it in the present day ? 

This peculiar moral attitude has its bearing on the subject of our consideration. 
Each age works out its own salvation. The medieeval Renaissance found its 
salvation in the emphasis of individuality, alike in religion, in the State, and in 
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industrial activity. At the present we seem tending in another direction, and in 
response to our needs and our circumstances seeking a positive moral guidance in an 
enlarged conception of social duty and solidarity ; and the position which employed 
labour occupies with regard to them is sufficient to insure it attention, and not 
attention only, but sympathetic attention. Those who have lost their means of 
faith in the first commandment of the New Testament turn with feverish haste 
to work out their salvation by a stricter attention to the second, and those whose 
faith is unimpaired but spiritual vision enlarged perceive that the one is imperfect 
without the other. Social regeneration, socialisation, collectivism, social duty, 
social action, are phrases which occur in profusion, and, though they disfigure the 
language, mark the attitude and give distinction to the actions of the present. In 
England, at any rate, the imagination of the people has been struck and its feelinga 
stirred with regard to this particular problem, which stands out before other 
matters sharply marked and conspicuous. 

But though it is true that many general influences have combined to increase 
this prominence, its main and original cause lies in the vast economic change which 
has swept mankind into two opposite, though not necessarily opposed, classes. To* 
realise the history of that change is a first step towards understanding its nature- 
and its consequences. But for it it would be possible to interpret present com- 
plaints as but the repetition of those of the past, and as finding prototypes in the 
outcries which have arisen from time to time from tliose who brooded over the 
contrasts between the poor and the rich. They would mean nothing more than 
did many an early pamphlet bearing such a title as ^ England’s Crying Sin with 
Regard to the Poor,’ Or, again, the opposition might be construed as an 
antagonism between Labour and Capital, in disregard of the union existing between 
labour of a certain kind and capital, and of the confusion which such a distinction 
involves between profits and interest. 

Of equal importance is the light which history throws upon the present con- 
dition of tlie masses afiected by this grave economic change. Its effects might 
well have been experienced in two ways. Not only did the power of directing 
their lot pass from them to others, resulting in somewhat subtle consequences as 
regards the burden and pride of feeling the full responsibility for action, but in 
addition it would not have seemed unnatural had they experienced considerable 
material injury from a competition against an employing class with a practical 
monopoly of capital ; and it is true that the conditions of that competition, which, 
he it remembered, determines the division of the product between wages, profits, 
and interest, were in one respect altered to tbeir disadvantage. But in another 
way, and due to the self-same causes, new opportunities were offered for the 
development of organisations which were to turn the balance in their favour. 
Till the change ot* which we have been speaking, till the breaking down of 
local divisions which held separate those in like circumstances and of like 
interest in different places, till the simplification into one class of employed of so 
large a number of those whose means were small, common action for common 
ends, as, indeed, any definite control and direction by a central authority, were 
impossible. Thus the very forces occasioning chapge provided tlio means for its 
beneficial regulation. The narrowness of view attributed to a too rigidly 
specialised labour has been met by educational advantages which, in England at 
any rate, found their occasion in the factory organisation which began to spread 
through the country at the close of the eighteenth century. Factory development 
has given rise to a control which fails of its effect when called on to penetrate into 
the small workshops and the seats of home industries. Dependence on wages finds 
a corrective in the growth of benefit societies and the insurance clauses of trade 
associations; separation from management and capital has in some instances been 
stayed by schemes for co-operation and profit-sharing ; while tlie greatest defect of 
all, the weakness of employed labour in competition with the allied and resourceful 
forces of capital and management, has led to the marvellous organisation of trade 
unions and kindred associations. In face of these remedial agencies, and despite 
the mismanagement and abuses which have attended many of them, the ill-fate 
which seemed at one time to menace the condition of those whose strength lay in 
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manual exertion lias not been realised. On the contrary, these classes have shared 
to the full in the increased results attendinj^ production. According to the most 
reliable estimates, their condition has undergone not only absolute but relative 
improvement ; and this is due largely, if not altogether, to the opportunities con- 
cealed in the bosom of the economic causes which affected employment so ominously. 
The true remedies are those which arise out of the historical circumstances of 
the complaint. 

The points which have demanded attention are these. Firstly, the causes, 
primarily economic, which have made labour difficulties so prominent ; secondly, 
the nature of the great economic change resulting in the separation of the labour 
under employment from that determining and directing industry ; and thirdly, the 
extent to which this has furnished opportunities for the formation of labour 
associations, and the development of a State policy for regulating the conditions of 
employment. With regard to the latter point much has been said. It has, for 
instance, been argued by some that the great modern interdependence of labour of 
different kinds, the growth of State control, and the supersession in many directions 
of the private employer by large companies, trusts, anil syndicates, are indications 
of the necessity and possibility of the monopoly and entire management of industry 
and commerce by the State. But the simplicity of this remedy, which has proved so 
attractive to many who dwell in a world of ideas as far removed as possible from, 
fact, is an indication of weakness in the eyes of fhe student of social and historical 
phenomena. As he examines the varying moods and forces which unite in the 
tangled complex of modern industry and society, as he traces from their growth 
the tendencies which have made them what they are, interweaving, counteracting, 
modifying and coalescing in the pages of history, he grows aware of the intricacies 
of the economic constitution and mistrustful of simple theories based on the 
confident recognition of some elements and the neglect, equally confident, of 
manj others. The one-sided solution is no solution at all. vSimilarly insufficient 
is the reading which finds a confirmation of unrestricted individualistic competition 
in the increased social demand for enterprise and individual energy. 'J'he careful 
study of the past two centuries enforces several conclusions as to economic tenden- 
cies all of which require recognition. In the first place, witli the growth of intricacy 
and the extension of the area of production and distribution, the free exchange of 
-commodities has become more and more the one effective means of ascertaining 
what is wanted and what are the requirements of the community. In the si'cond 
place, so far from there being a diminution, there has been an increase in the 
urgent need for eliciting and stimulating individual ability. While, in tlie third 
place, the necessity for State regulation has been enforced and new opportunities 
for it provided. 

In turning to the second matter for consideration, the treatment by economists 
and in economic writings of Labour and the circumstances of employment, 
and its results in providing bi'tter means of forming correct judgment and 
judiciously guiding action, will occupy our attention. On the importance, in 
this respect, of researches into economic history, little need he added. Its 
value' is felt in every direction. Kot only does it discountenance premature 
generalisation based on insufficient, and, if I may use the expression, fleeting 
data, but it guards us against the still greater danger of first forming con- 
clusions on hypotheses, and then forgetfully assuming that these conclusions are 
based on observed facts. Viewed more positively, it adds the conception of 
organic development and furnishes a large share of the knowledge which forms a 
preliminary to judgment, and which should form a preliminary to social action. 
But the point to be insisted on here is the enormous recent advance achieved in 
this direction. Again, the abstract theory of distribution, dealing with the relation 
between various classes of payments, as rent, profits, interest and wages, has 
undergone considerable change, owing to the labours of the mathematical school 
and other economists, who, starting from the qualitative conceptions first promi- 
nently employed by llicardo, have dealt with the inter-relation of these and their 
connection with value. But by far the most notable process has been in 
matters involving quantitative, as well as, or in place of, qualitative admeasurement. 
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Here rank the elaborate and important researches into the effects produced hy 
alterations in the rate of wages and the hours of labour, into the causes which 
condition interest and govern its rate, into the effect of royalties and rents in 
various industries and under varying conditions. While as regards general well- 
being a vast mass of material has been accumulated, and many careful and sug- 
gestive treatises published. We know infinitely more than was known even a 
short time back about the eflect of occupations on health ; the character of working- 
class expenditure and the relation between such expenditure and receipts; the 
different modes of payment for labour with their respective consequences ; the 
-experiments in co-operation, in profit-sharing, in socialism, in communism, in 
municipal and State management, and other different directions ; more about 
the eflect of charity in relation to earnings ; about attempts at arbitration, and 
the like. Wu have histories of trade unions, of co-operation, of benefit societies, 
and of other associations depending on working men’s efforts for their maintenance 
in the various industrial countries. The effects of monopolies and partial mono- 
polies resting either on legislative grant or perpetrated in practice have been 
carefully examined. Modes of trading, with their almost invariable fringe of 
speculation, have been treated of, with the view of ascertaining their influence 
on the standard employments of the nations. These are but illustrations, but 
they are sufficient for the purpose. They point to active growth in Economics in 
regard to this particular subject. On the other hand, they are painfully insuffi- 
cient in themselves. We may know more, but we want to know more still. 
Concurrent with the advance in knowledge, the general conceptions of labour and 
with reference to its treatment have undergone alteration most marked in three 
directions. Labour power is no longer viewed as a mere aggregate of hard and 
disconnected units which can bo sifted out or increased under the stress or stimulus 
of unhindered competition. We recognise that the labour which survives may be 
so affected in and by reason of the very process of its selection as to be widely 
different from the forces contemplated and required. In social evolution de- 
generation, or at any rate variation in the surviving factor, is an almost regular 
phenomenon. In the second place, the effects of conditions on efficiency have 
been established in a variety oi directions, a matter of peculiar importance when 
we pass from the contemplation of the working powers available at any given 
time to questions of their permanence and their future. In the third place, the 
economic change in the circumstances of employment has served to introduce to the 
notice of economists the necessity of certain agencies to counterbalance the lack of 
self-direction and responsibility, agencies, that is, of education and combination. 

In view of such and other developments, tlie great need of the present, apparent 
nowhere more forcibly than with regard to the matter occupying our attention, 
is on the one hand the careful modification of the general body of economic 
reasoning in their light, and, on the other hand, continued close inductive study 
into the circumstances of both the past and the present. This latter is indeed 
necessary. To recognise this does not imply any disparagement of other methods 
required in other stagt's. In many of the subjects already singled out for notice 
preliminary deductions have been made and have proved of the highest value. 
The theory of non-competiug groups, the earliest refutation of the wage-fund 
theory, the theory of the eflect upon productivity of altered hours and wages, afford 
admirable instances of the way in which truths afterwards established on a wide 
inductive basis wore foresliadowed, and an estimate of their importance attempted 
by writers proceeding along the lines of partial observation and large use of 
assumption ; but these in common with other like attempts must be regarded as 
preliminary. They do not indicate, for instance, the extent to which the element 
of which they treat is important. Surely it is just liere that we see the necessary 
relation and mutual importance of the different methods of study which haye some- 
times been treated as antagonistic. Preliminary and working theories are neces- 
sary to the wise conduct of inductive inquiries, but these in their turn are 
necessary to formulate a theory which may bo something more or something other 
than that which it supplants, which is to be representative in place of being 
suggestive. But it is a grievous mistake to take the working theory for the necessary 
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substance, and to assume that the importance of all subsequent researches lies in 
their connection with it, and that their function is its general verification and 
further development, whereas they may bring about its actual subversion. 

A survey of the results achieved in a particular branch of Economics affords 
an excellent opportunity for examining the mutual interaction of various methods 
of study, and their combined progress. The work of the economists of the 
period extending over the close of last century and the earlier portion of the 
present one, a period which, as a living economist has well said, has been in- 
aptly and unfortunately termed classical, was mainly occupied in preliminary 
discussion and in its formulation of theories, some of which dealt with quali- 
tative relations, and many of which must be viewed as working theories only. 
They dealt, among other matters, with such questions as the connection between 
the various classes of remuneration and their relation with value, the distinction 
between utility and material, the causes necessitating payment, and the efiect of 
condition upon the agents of production ; but in nearly every one of these 
respects very much was left for subsequent generations of students to accomplish, 
and the way for inductive research was but prepared. And much has been 
accomplished. Theories have been modified, theories have been recast, and new 
theories have been formulated. 

But this gradual advance in study, necessary though it be and common though 
it is to all sciences and subjects, stands at a peculiar disadvantage in the case of 
social science, and, to take our particular case, in that of Economics. Here every- 
thing is claimed, not only as a working theory for the investigator, but as one for 
practical people and the statesman, and error is invested with grave, positive con- 
sequences. Incorrect theories as to taxation led to the separation between Ihigland 
and tht\se colonies which now form the United States of America ; unsound eco- 
nomic and social theories lit throughout lOurope the cleansing if devouring fires of 
the French Revolution ; unsound economic theories threatened to sap the vigour 
of England in the third and fourth decade of the present century, and, to take a 
specific instance, embodied themselves in the opposition to Factory Reform. This 
peculiar gravity is at once the difficulty and the importance of economic study.. 
But when the mistakes of Economics, thus sadly illustrated, are cited in its dis- 
paragement, does it never occur to those kindly anxious to enforce the salutary 
lesson, how grave would have been the result had like importance been attached 
to other sciences in their earlier stages!^ Have they not had their working 
theories and made their mistakes ? A review of the course of any one of these 
shows that the difference between such a one and Economics is not in greater 
immunity from error, but in the degree of importance attaching to the error. This 
in its turn has its lesson, or rather its lessons. Wo in this generation have to pay 
for the wrong attitude assumed in previous times by those who confused working 
and tentative theories applicable to one time and one place with truths of universal 
application, proclaiming their belief with a trying absence of misgiving and hesita- 
tion. On the other hand, the immense importance of sound economic knowledge, 
the danger of that which is unsound, coupled with the fact that all legislation and 
every person must have and will proceed on some economic theory, emphasises 
the need of stimulating economic research and economic teaching. Other sciences 
are needed by those training for particular professions ; this is needed by all those 
who, either by action, word, or vote, have a part in the direction of the destinies 
of a country. It has been suggested with cheap cynicism that differences among 
economists disprove the utility and need of the study. What a pitiable con- 
fusion between the spheres of physical and social science. The majority of men 
are none the worse in their daily life for a general ignorance of chemistry or 
biology, but in the case of Economics matters are far otherwise. An average 
citizen can do and does without a knowledge of theories of chemistry; but some 
economic theory he will have and some basis for economic action he has or assumes 
that he has. The only point at issue is whether he should form his opinions after 
Htudy or in ignorance, lliffer though they may on many points of detail and 
method, economists at any rate will agree in the belief that study is a better 
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preliminary for economic action than neglect. Knowledge must be sought by the 
study both of economic method and of economic facts. 

the particular question which has occupied our attention illustrates very 
vividly the great advance made in economic knowledge of recent years. Taken by 
itself as a type of the general progress which has taken place, a review of its 
course should serve to reassure those who are tempted in moments of depression 
to believe that the want of adequate recognition of the study is in some way or 
other a symptom of its backwardness or failing vitality. The reverse is true. It 
is the living character of Economics which leads to the demand that its importance 
should be duly recognised. The advance has been remarkable. The spirit which 
animates inquiry is as vigorous in the held of Economics as anywhere else. But 
this much must bo remembered. In Economics, as elsewhere, the attainment 
to anytlung approaching a perfected theory is very far distant, for a complete 
;theory implies not only full knowledge of facts, but their correct treatment. 
How distant such a goal is the hardest worker in the field knows best of all, for 
the circumstances of his inquiries teach him how slow progress is, and how great 
the continent into which his enthusiasm as a pioneer has enabled him to penetrate 
some little distance. A few generalisations which may endure, a somewhat 
mixed mass of material, a brief influence, constitute the work of tlio foremost. 
And yet in the history of any science there come times when things move more 
raiiidiy than is their wont, as when waters chafing in a narrow passage suddenly 
hurst down all obstacles, and establish themselves once and for ever in a wider 
channel. It is possible, it seems even jirohable, that some sucli moment of advance 
is before Economics. Materials have been accumulated with singular diligence, 
critical sagacity has discriminated and classified, and some great constructive 
advance seems not far distant. The atmosphere of economic thought is instinct 
with expectation. With a new realisation of the economic elements and moth es 
of society, in the light of some conception perhaps little taken into account as yet, 
wo shall stand nearer to the problem one part of which wo strive to unravel — 
fho forces which govern action and constitute society. 


The f(dlowing Papers were read : — 

1. The History of Trade Comhhiation in Canada, By W. 11. Moore. 

There have been trade monopolies in Canada since the first settlement of the 
country . The present movement toward trade combination began in tlie years of 
depression caused by the low prices of agricultural products and the excessive 
amount of capital invested in manufacturing industries. The latter, in part, the 
result of the introduction of a system of high protection. The result of the com- 
petition has been destructive, and with the development of machinery the economies 
which give to a large business an advantage over a small business have had the 
effect of increasing the size of the factories, mills, and shops, and decreasing the 
number of producers. The natural end of this destructhe competition is monopoly 
in the hands of one producer. This result has been hastened in some instances by 
voluntary amalgamations of the businesses of difierent producers, and in others 
deferred by a combination of independent producers for the regulation of matters 
in which they have a common interest. This latter form of union is most common 
in Canada. The agreements usually contain provisions for the arrangement of 
uniform price-lists, tho diminution of the output, or the division of the market. 
Combinations of this kind exist, or have existed, in the production or sale of the 
following goods : — alkali, agricultural tools, biscuits, baking powders, blacklead, 
blacking, blues, buckwheat flour, building paper, bolts and nuts, barbed wire, 
binder twine, cigars, cheese (certain brands), cottolene, cocoas, chocolates, con- 
densed coffee, canned salmon, cut nails, coal, canned vegetables and fruits, cotton 
threads, cordage, dyes, drugs, flour, gelatine, grain, hides, horseshoes, horseshoe 
nails, ice, lead pipe, linseed oil, matches, oatmeal, petroleum, pickles, prepared 
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soups, pressed tinware, rope, salt, soaps, starches, spikes, shovels, sugars, tobaccos, 
varnishes, wire, wire nails. 

The manufacture of cotton goods, cigarettes, glass goods, watch cases, agri- 
cultural implements, sugar, and other goods, is influenced by the existence of 
monopolies formed by the union of producers, in which the individual interests are 
merged in a common undertaking. The rebate plan is the method by which most 
of the combinations attempt to enforce their objects. It is alleged on behalf of 
the combination of independent producers, with some degree of truth, that they 
have developed trade in foreign markets, improved the quality of the goods, and 
prevented speculation. Against them it is urged they have increased the costs of 
goods to consumers, and discriminated against the trade interests of certain dis- 
tricts. The Hrust’ method is the more economical, and in several instances 
businesses which were, previous to the formation of the ‘ trust/ almost bankrupt, 
have been placed on a paying basis without an advance in the cost of goods to tlio 
consumers. 


2. Recent Aspects of Profit Shaynng} By Professor N. P. Gilmax, 
Meadville Theological School. 

1. The reasonableness of giving a dividend to labour is shown when we con- 
sider that human nature is the same in the working man as in the employer. If 
a share in the variable profits of business is held out as an inducement, the wage- 
earner will be very apt to take more interest in his work, and wdll help to make a 
larger profit than under the usual conditions. 

2. Experience has shown that this reasoning is borne out by facts of record. 
The case of the Pourne Cotton Mills at Pall Pun, Mass., was taken to illustrah^ 
the working of profit-sharing under unfavourable conditions. In the eight years 
1889-07 the Bourne Mills paid bonuses amounting to 54 per cent, on wages, and 
there was a great improvement in the quantity of the work done. 

3. There are now some 120 cases of profit-sharing houses in France, 20 in 
Germany, 100 in the British Empire, 50 in other parts of Europe, and 30 in tlio 
U.S.A., making some 320 in all. 

4. This method is not to be recommended as a finality or a panacea, but, as the 
treasurer of the Bourne Mills says, ^ it is worthy of a trial by any fair-minded 
business man as a modest attemx)t to improve upon the present wages s^^stem.’ 


3. A Consideration of an European Monopoly as a Contribution to the 
Theory of State Industries. By S. M. Wickett, Ph.D., Toronto University. 

The great Austrian tobacco monopoly is the oldest of all existing tobacco 
monopolies, and as regards the population to which it applies and the number of 
its employes also the largest. Dating from 1670, it nets the Government at present 
about 5,000,000/. yearly, or 14 per cent, of the total budget. 

This form of taxation has become very popular in Europe, for eight out of the 
seventeen European countries, embracing 38 per cent, of the population of Europe, 
have incorporated it into their financial system. Financial writers, too, have 
supported it, e.g, Lorenz von Stein, Wagner, Koscher, and Leroy-Beaulieu. 

The first point to consider is the efiects of concentration on the general condi- 
tions of labour. The very satisfactory conditions of labour in the Austrian tobacco 
factories, notwithstanding the great labour concentration there (on the average 
1,181 in each factory) ; and, on the other hand, the highly unsatisfactory conditions 
under a system of scattered manufacture, as in Germany, point to the conclusion 
that a monopoly, in so far as it controls or reforms these latter, confers wide 
benefits. 

As to incentives to an economic administration under State control, the 
Austro-Hungarian administrative system is sugge^iye. For by its administrative 
unification under one central authority — the Ministry of Finance — it excludes 

’ Published in The Christian llegisUr^ Boston, N’ovcmb3r 11, 1897. 
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all undue inter-state competition as to price and as to the quality of the manu- 
factures; hut by its divided technical management it preserves a healthy rivalry 
as to satisfactory conditions of manufacture, and as to financial results to he credited 
each half of the Empire at the end of the year. 

This inter-state or ‘ federal ’ monopoly organisation offers a new idea for State 
activity — control by central authorities, but technical management by provincial 
officials for provincial credit. Even where the 83 rstem of provincial credits does 
not exist, the same principle of organisation will hold good for the general details 
of manufacture. 

As to the effects of the monopoly on export trade there are two features to be 
considered : the danger of 8tate monopolies being affected in their sales abroad by 
international relationships, a factor of direct inlliience on exportation, and seemingly 
quite overlooked in financial treatises ; and secondly, the fact that State monopoly, 
by increasing home manufacture, renders the question of actual export of relatively 
small importance. Germany, for instance, for 1893, had a surplus of imports over 
exports of sixty-one tons ; Austria of exports over imports of sixty-seven. And 
although this year is exceptional, the fact will serve to emphasise the point which 
the foregoing years have siiihciently shoAvn. This is in direct contradiction to 
Jtoscher’s opinion, and sets the question of monopoly export in a new light. 

With regard to the actual weight of monopoly taxation, the enormous revenues 
from tobacco would seem to indicate a high rate, that is, a decidedly high price 
tariff. Austro-lliingary’s tobacco revenue for 1893 was 3-H million dollars ; 
Italy’s 30 millions, and that of France reached the higli figure of 61 millions. 
Yet everywhere we find cheap tobaccos for the small pocket-book. In Austria 
in 1893, for instance, r)0 per cent, of the cigarettes sold (retail) were at "J c. per 
package of teu ; 50 per cent, of the monopoly cigars sold (retail) were at c. each 
and under ; 54 per cent, of the imported llavanna cigars were at 4^- c. each ; 
73 per cent, of the smoking tobaccos were at 22 grammes for 1 c. 

This surprising condition of affairs largely explains itself by savings through 
avoiding unnecessary competition, and by increased earnings otlierwdse going to 
diflerent classes of capitalists (box-makers, lithographers, etc ). And in fact, the 
actual results of a close comparison of monopoly and competition tobacco prices 
give results relatively not unfavourable to the former. Monopoly taxation does 
not appear, therefore, to be at all as high as the large revenues would lead us to 
suppose. 

Finally, as to the question of a progressive indirect tax, a tax said to he possible 
only under a State monopoly. An investigation of the direction of tobacco con- 
sumption under a monopoly shows such a tax to he i>nmd facie improbable, since 
the consumption tends so strongly to concentrate itself, as indicated, on very few 
grades, these being, moreover, mainly of the cheaper qualities. On the other hand, 
these latter qualities, representing macliine work, leave a larger tax margin than do 
the finer qualities consisting mostly of handwork. 

The assumption then supporting the possibilities of a progressive rote, viz., 
that the tobacco consumption will show a gradation as to quality somewhat like 
tko schedules of a progressive income tax, cannot stand. And, on the other hand, 
given the condition of a large revenue, for the same reasons the tax prices must be 
set simply according to fiscal principles, that is, according to Avhat each quality 
will hear — a good principle for fiscal manipulation, not for the realisation of the 
idealised gradation. In fact, between such a principle and the latter there is no 
direct connection. And in face of the above-mentioned tendency of the consump- 
tion to the cheaper qualities, a progressive rate will be in general possible only 
under a very low revenue tariff. 

Those conclusions, the author hopes, will he found to possess a more or less 
general validity making for a better understanding of the peculiar position of State 
industries. For fuller details see the author’s paper in Schanz’s ‘ Finanz-ArcUif,’ 
1897, i., p. 198 et seq. 


4. Statistics of Deaf -Mutism in Canada, By C. Johnson. 


3 B 2 
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FRIDAY, AUGUST 20. 

The following Papers were read: — 

1. Some Fallacies in the Theory of the Distribution of Wealth. 
By Professor A. T. Hadley. 


2. Canada and the Silver Question. By J oiiN Davidson, D.Phil. 

The similarity of conditions existing in the United States and Canada renders 
it remarkable that while the United States was being convulsed by the movement 
for free silver, Canada was peacefully conducting an election on a mixed tariff' and 
educational issue. The reason is not to be found in any lack of interest in Canada, 
bat in forces partly political and agricultural, but mainly linancial. 

Canada has been developed later than the Western States, and in consequence 
neither has the burden of mortgages been so lieavy nor has the fall of prices 
affected the farmer so seriously. The development of the West has taken place 
in Canada largely since 1880, and Cauadian competition has contributed to the 
fall in prices. 

The political causes of Canada’s immunity are partly derived from the constitu- 
tion which allows the Federal Government a larger field for its activity, because 
provincial issues can be transferred to the Federal arena; and are partly due to 
the long period during which one party has held the reins of office. The result of 
this latter force has been that a not vitally important issue has been kept before 
the public mind as the universal panacea. As a remedy for depression tlie 
Government party has demanded more protection, while the opposition has de- 
manded freer trade. 

These, however, are simply contributory causes. The real reason lies in almost 
perfect adaptation of the banking system of Canada to the needs of a new country, 
and in the consequent absence of any soft money tradition. The greatest banking 
necessity in a new country is elasticity in the issues ; the greatest danger is that 
security will be sacrificed to elasticity. The supervision of banking legislation in 
the colonies by the Imperial authorities, who were devoted adlierents of the 
principles of the Bank Charter Act, prevented the sacrifice of security when the 
character of the system was being formed, and created a tradition of sound banking 
which has permitted financial questions to be regarded as problems for experts 
and not for decision at the polls. Although now the Imperial authorities do and 
could exercise no supervision, there is an efficient substitute for that supervision 
in the wide-spread respect for English precedent and example. 

The banking system has been a gradual growth, and has by successive amend- 
ments been moulded to suit the needs of the community. S\Tth almost perfeeu 
security there is still such an elasticity in the issues that the volume of th<‘ 
circulation ffuctuates in perfect harmony with the fluctuations in the volume of 
business, not only over long periods but from month to month. The practice of 
branch banking, wliich is the most striking characteristic of tlio system, greatly 
facilitates this automatic correspondence, besides favouring the development of th(^ 
newer parts of the country by furnishing them with banking facilities as gopd as 
can be obtained in the cities, and equalising the rate of discount throughout the 
country, and thus providing farmers with capital at practically the same rate as it 
can be obtained even in the commercial centres, provided they have equally good 
security to offer. 


3. The Oriyin of the Dollar. By Professor W. G. Sumner. 


4. Silver and Coipi^r in China. By Dr. J. Edkins. 
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5 . Characteristics of Catiadian Economic History, 
By Professor A. Siiortt. 


6. Economic History of Canada. By J. Castell Hopkins. 

The author traced the various experimental policies in force through the days 
of the fur trade and French rule ; the period of preferential British tariffs and the 
colonial restrictions of the Navigation Laws ; the effect of the abrogation of the 
Corn Laws upon Canada ; the Reciprocity Treaty of 1854 and the effects of its 
abrogation in 186G; the period from 1867 to 1872 of a nominal revenue tariff 
policy which, through extraneous causes, was one of practical protection ; the 
revenue tariff years of 1873-79 in which American manufactures swept Canadian 
competitors out of their own field ; the years of positive protection which followed 
from then to the present time. 

The infiuencea of free-trade and protection, or alternate dependency upon the 
American market, and upon the British fiscal system, up to the development of 
Canadian fiscal independence, and the ability to regulate the Dominion tariff in 
accordance with the wishes of its own people, and in harmony with its obligations 
to the Empire, were traced at length. Some time was also given to a consideration 
of the eflbrts made after confederation in 1867 to obtain reciinocity with the 
United States. 

The conclusion drawn was that Canada’s true policy was one of closer com- 
mercial relations with the Empire and the steady development of public opinion 
in favour of a preferential tariff system within its bounds. As to the past, the 
author believed that Canada had practically run the whole gamut of fiscal 
experiment and experience, and had tried every form of fiscal arrangement known 
to theory or practical government. 


SATURDAY, AVGUST 21. 
The Section did not meet. 


MONDAY, AUGUST 23. 

The following Papers were read: — 

1. National Policy and International Trade. By Edwin Cannan, AI.A. 

The most widely followed and most generally approved policy in the civilised 
world is still undoubtedly, as it has been for two or three centuries, the encourage- 
ment of exportation and the discouragement of importation. This policy is no 
longer founded on the idea that it is necessary in order to secure a large stock of 
the precious metals ; that notion is completely obsolete. Nor is it founded on the 
wish for diversification of industries; this is shown by the popularity of the 
Zollverein idea, which evidently sets no value whatever on local diversification of 
industries even in an Empire consisting of enormous and scattered territories. 
Nor, finally, is it founded on the idea of maintaining national security, or the host 
of other reasons of a particularist, local, and consequently contradictory character 
alleged by its more ingenious advocates in various countries. Its true source is to 
bo looked for in the fact that exports are supposed to give employment, and 
imports to take it away, so that encouragement of exports and discouragement of 
imports tends to increase employment. The usual free-trade answers that exports 
only balance imports are unsatisfactory, and left a loophole for the entrance of the 
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pernicious notion that ‘ artificially cheap ’ imports, such as the products of prison 
labour, or of ‘ bounty-fed trades,’ diminish employment. The elementary economic 
text-books have scarcely furnished any answer since the doctrine that ^ industry 
is limited by capital ’ was abandoned. The truth of the matter is that industry is 
limited by labour, *>., the amount of employment depends on the population. A 
policy of protection cannot increase population, and consequently employment, 
except temporarily and under very special circumstances. It is doubtful, however, 
whether ‘ increase of eiuployment ^has not come to be used in a metaphorical 
sense, as simply equivalent to increase of pay for the same work. But if this is 
granted, the protectionist argument falls to pieces, as there was no reason for sup- 
posing that the advantages of division of labour cannot be obtained by territorial 
groups co-operating as well as by groups on other than a territorial basis and by 
separate individuals. 

The true national policy is to take as much advantage of the division of labour 
as possible. The individual who gets most advantage from it is the one who is 
able to do the most skilled work in the best way, and the same thin^ is true of a 
nation. What statesmen ought to do, therefore, is to aim at improving the finest 
industrial qualities in the population. There are many ways of promoting this 
aim, but one of the most important is to allow free importation of the most 
ingenious and most cheaply produced products of other countries. 


2. Oh Public Pi}iaucCj chlefli/ in relation to Canada. 

By J. L. McDougall, M.A., C,M,G.y Aiiditor- General of Canada. 

Account of the several oiierations in the receipt and disbursement of public 
money. 

Practically only two sources of revenue — Customs and Excise. 

Security for collectors of revenue should not bo taken from friends, but from 
a guarantee company. 

All receipts belong to Parliament. No part of them may be paid out without 
its direct order. Here the directions are given. 

Method of preventing officials being governed by routine. 

Eapendiiure. 

Advantage of direct connection of Auditor-General’s office with Parliament. 

Importance of full public accounts. 

National Debt. 

Expenditure on interest of debt. Two debts cannot be compared accurately 
by considering the principals alone ; you must take into account the rate of 
interest also. 

Excess of Dominion note issue over specie reserve, viz., 2,000,000, costs 
nothing, but outlay for engraving and redemption. 

Proofs that the whole of the debt and more were spent on permanent improve- 
ments of a national character. 

Mode of separating what is paid for the use of money from what is exacted 
for the probability of the debtor failing to pay the principal. 

Difference between animal interest on our debt due in England and on that of 
the Imperial Government has decreased between 1874 and 1897 from l.V per cent, 
to ^ per cent., making our debts, when they come to be renewed, 000,000 
instead of ,^250,000,000, looking to the interest charges. 


3. Crown Revenues in Lower Canada (1763-1847). By J. A. McLean. 

^ • The ‘financial difficulties’ that arose in the Government of Lower Canada 
between 1791 and 1841 were not, in the last analysis, financial, but constitutional. 
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They may bo regarded as forming the pounds, shillings, and pence side of the 
struggle for self-government. The Assembly of Lower Canada, desiring self- 
government as an end, endeavoured to gain control of the Crown revenues as a 
means. From 1791 to 1831 these Crown revenues consisted of (1) The casual 
and territorial revenues ; (2) The revenues arising under the Quebec Kevenue 
Act of 1774 ; (3) A permanent grant of ^ 6,000 made by the Legislature in 1795, 
to which may be added another small aid, granted in 1801. 

In 1831, on the recommendation of the Canada Committee of 1828, the pro- 
ceeds of the Quebec Revenue Act were surrendered without reserve or condition 
to the control of the Provincial Legislature. This surrender weakened the Pro- 
vincial Executive, and encouraged the House of Assembly to hope that consti- 
tutional reforms might be obtained by withholding supplies. From October 1832 
to the suspension of the Constitution no supplies were voted by the House. In 
1830 the Home Government finally decided to apply the provincial mopeys to the 
payment of arrears without the sanction of the Provincial Legislature. Their 
constitutional weapon being tlius wrested from their grasp, the thoughts of a 
large number of the French Canadians turned towards separation from England, 
republicanism, independence. 

By the Union Act of 1840 the casual and territorial revenues were surrendered 
with some reservations and conditions to the Provincial Legislature. Most im- 
portant was the deduction of 75,000/. for n Civil List. In 1847, at the request 
of the Canadian Parliament, the appropriation clauses of the Union Act were 
repealed, and the Civil List was made to rest upon provincial enactment. Since 
1847 all expenditures of the Government have been made under the authority of 
the Canadian Parliament, consequently, since 1847, it has been necessary for a 
Canadian Governor-General, entirely apart from his own opinions on the subject 
of colonial self-government, to choose as his constitutional advisers those who, 
possessing the confidence of the Lower House, can induce Parliament to vote 
supplies 

Responsible government became necessary the moment that the Legislature 
gained full control of the Provincial Treasury. The political situation compelled 
tlie solution, and credit is due not only to the great British statesmen who were 
able to realise the political situation, but also to the great Canadians who 
created it. 


4 . 27ie Evolution of the Metropolis, arid Problems in Metropolitan 
Government, i/y Wm. H. Hale, Ph.D. Brooklyn, N.Y., U.S.A. 

A brief statement is made of the development of Greater New York, otherwise 
called the city of Now York, as it will be constituted on and after January 1, 
3898, by tlie consolidation of the cities of New ^hirk, Brooklyn, and Long Island 
city, the county of Richmond (Staten Island), and a part of the county of Queens. 
The new consolidated city of New Y’ork will be second only to London in popula- 
tion, and will contain a population estimated at 3,430,000, being more than that 
of the United States when the Government of that country was founded, and 
greater than that of any other State of the Union at the present time except Penn- 
sylvania, Ohio, and Illinois ; or nearly equal to the combined population of the 
provinces of Ontario and Quebec. 

The government of the vast aggregation of heterogeneous elements drawn from 
all quarters of the globe presents new and difficult problems in American juris- 
prudence, which the writer hoped would receive elucidation at this meeting. 

The charter of Greater New York provides for the novel and interesting 
experiment of a bi-cameral municipal government, the municipal assembly being 
composed of two Houses — the common council of twenty-nine members, of whom 
the president is elected by the city at large, and the other members by districts ; 
and the board of aldermen of sixty-one members, elected one from each district. 
The mayor of the city has a seat and voice, but no vote in the Upper House, and 
heads of departments in the Lower. 
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The reservation to the city of ownership of all public franchises was charac- 
terised as the most notable reform in municipal government. The charter limits 
the term for which such franchises may be leased to individuals to twenty-fivu 
years, with renewal for the same period. 

The extension of the elective system to all the judiciary was recommended by 
the writer, in lieu of the system of appointment by the mayor, which is now the- 
case with police justices. 


5. Local Differences in Discount Rates in the United States. 

By R. M. Breckenridge, Fh.D. 

The annexed table of discount statistics for forty-three leading commercial citieS' 
of the United States shows : 

{a) 'Ihat there is no such regularity or generality in the prevalence of low rates 
in the large cities, or of high rates in the smaller cities, as to permit the explana- 
tion of local differences in discount rates by dillerences in population between the 
cities appearing in the reports ; 

(b) That a similar lack of uniformity in the emergence of low rates in towns 
where clearings are large, and vice versa, prevents the establishment of any close' 
connection between cheap discounts and heavy exchanges, as indicated by clearing 
returns; 

(c) That rates of, interest upon loans on the security of urban and suburban landedi 
property show a tendency, in their varying heights as between localities generally, 
though not exactly or always at the same distance, to follow the movements of 
discount rates ; 

(d) That discount rates appear to be high in proportion as the cities for which 
they are quoted are remote in western or southern direction from the States on the 
North Atlantic seaboard of the United States, more particularly from the foremost 
commercial and financial centres of that region ; the cities with heaviest clearings 
and largest population in each of the other great divisions of the country, in other 
words, the chief money markets of each section, show, however, somewhat lower' 
rates than places of less consequence in such sections. 

Result (d) appears more clearly in the following tables. 


Cities in the 

Show average 
discount rates for 
1893-1896 of from 
per cent. 

Save 

Where 
rates were 
X)er cent. 

North Atlantic 1 

division.* J 

South Atlantic '1 

division / 

North Central | 

division | 

South Central j 

division J ' 

Western division . j 

1 

4'OIGto 5 800 

7*029 „ 8-000 

! 6,340 „ 8 000 

i 

i 6 857,, 8 427 
7*072 „ 10*000 

/ Buffalo 
\ Portland, M. 

1 1 Baltimore 

j \ Richmond, Va. 

[ Cincinnati 
j 1 St. Louis 

1 1 Chicago 

i New Orleans 

1 \ Memphis 

San Francisco 

6 029 

6 000 

4 685 

0 000 

5 237 
.5-875 
5*894 
.5-817 
6*403 
6*230 


* The several divisions include the following States : — North Atlantic — Maine, 
New Hampshire, Vermont, Massachusetts, Connecticut, Rhode Island, New York, 
New Jersey and Pennsylvania. South Atlantic — Delaware, Maryland, Virginia, West 
Virginia, North Carolina, South Carolina, Georgia and Florida. North Central — 
Ohio, Indiana, Illinois, Michigan, Wisconsin, Minnesota, Iowa, Missouri, North 
Dakota, South Dakota, Nebraska and Kansas. SouthCcntral— Kentucky, Tennessee, 
Alabama, Ijouisiana, Mississippi, Arkansas, Texas, Okcohamaand Indian Territories 
Western — Montana, Idaho, Colorado, New Mexico, Utah, Nevada, Arizona, Washing- 
ton, Oregon and California. 
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Table Showing 

A. The average Eate of Discount per cent, in forty-three leading commercial cities 
of the United States for the four years, 1893-96 ; 

B. The same for the years 1893,1894, 1895 and 1896 ; compiled from Bradstreet' s\ 
c. The rank of the same cities according to population as reported in the eleventh 

census of the United States, 1890; 

D. The rank of the same cities according to the total clearings in each during the 
year 1896 ; 

B. The total clearings in each of the same cities which had clearing houses in 
1896, in millions and tenths of millions ; 

p. The average rate of interest per cent, on mortgages made upon lots in the 
counties in which the cities are situate, during the decade 1880-89 ; 

G. The same, during the year 1889. 




E 




A 

B 



c 

D 

1896 




1893 96 

1893 

1 894 

1895 

1890 

F 

G 

5 

o 

$ 4.498 1 

1 

Boston, Ma-js. . 


4 016 

5 298 

2 769 

3 206 

4.913 

f) 18 

5 03 

1 

1 

28.870.7 

2 

New York, N.Y. . 


4 653 

6.778 

2 904 

3.590 

5 336 

5.40 

5.18 

(5 

7 

720 0 

3 

Baltimore, Md. 
Hartford, Ct. . 


4 685 

6.115 

4 625 

4. 

4. 

5 82 

5 78 

2H 

25 

118 5 

4 


4.823 

6 106 

3 432 

3.947 

6 807 


- 

3 

4 

3161.7 

5 

Philadelphia, Pa. . 


4 923 

6115 

3.452 

4 317 

5 807 

5 42 

5 38 

20 

16 

256 2 

6 

ProTideuco, R I 


5 170 

6.131 

3817 

4.651 

6.076 

5.78 

5.72 

8 

9 

585 8 

7 

Ciuoinnati, Ohio . 


5 237 

5.884 

4 606 

4 810 

5615 

6.02 

5 95 

12 

6 

745 4 

8 

Pittsburgh, Pa. 


6 800 

5.912 

5.298 

5.061 

6. 

5 87 

5.7.) 

11 

11 

466.5 

9 

Now Oilcans, La. . 


6.817 

7.038 

4.98 

4.75 

6.50 

7.28 

7.13 

4 

5 

1.158.6 

10 

St Loins, Mo. 


5,875 

6 634 

6.404 

5 2.50 

6 211 

6.21 

6.92 

2 

3 

4.413 0 

11 

Chicago, 111. . 


5.894 

6.452 

5 240 

5.336 

6 648 

6.43 

6.33 

3l5 

30 

66 0 

12 

j Portland, Me. . 


6. 

6. 

6. 

6. 

6. 

— 

— 

23 

26 

114.1 

— 

t Richmond, Va. . 


6. 

6. 

6. 

6. 

6. 

— 

— 

10 

19 

219*3 

13 

Buffalo, N.Y. . 


6 029 

6 115 

C. 

6. 

6. 

5.75 

5.73 

7 

8 

684.9 

14 

San Fiaiicisco, Cal. 


6.230 

7113 

5.807 

6 

6. 

6.88 

6.61 

14 

17 

230 8 

15 

Milwaukee, Wis. . 


6 340 

6 977 

6115 

6 

6 269 

C 32 

6.19 

26 

27 

104.6 

10 

Memphis, Tenn. . 


0 403 

8. 

5.98 

5 381 

6.25 

— 

— 

22 

21 

204 1 

17 

ludianopolib, Ind. . 


6.461 

7.163 

6.692 

6. 

6. 

6.38 

6.23 

9 

11 

299 3 

18 

Cleveland, Olno 


6.471 

7. 

6.884 

6. 

6. 

6.37 

6.2 4 

13 

13 

300 1 

19 

Detroit, Mich. 


6.519 

7. 

6 230 

6. 

6 816 

6 76 

6 64 

IG 

15 

286 3 

20 

Louisville, Ky. 


C.857 

7 066 

6 596 

6.7 88 

6 980 

6.01 

5.93 

24 

34 

29.9 

21 

Nashville, Toim. . 


6.903 

8. 

7*653 

5.961 

6. 

— 

— 

18 

18 

228.8 

22 

St. Paul, Minn. 


6.913 

7.615 

7 692 

6. 

6.346 

7.37 

7.07 

19 

10 

503.7 

23 

Kansas City, Mo . 


6.988 

6 913 

6.269 

6.709 

8. 

7.08 

7.22 

27 

— 

— 

24 

Charleston, S ( 'a. . 


7 029 1 

7.115 

7. 

7. 

7. 

— 

— 

30 

33 

67.2 

25 

Los Angeles, Cal. 


7 072 

7.288 

7. 

7. 

7. 

— 

— 

16 

12 

392.9 

26 

Minneapolis, Mum* 


7.077 

7.577 

G.980 

6 5 

7.250 

7.47 

7.04 

1 40 

— 

— 

27 

Galveston, Texas • 


7139 

7.019 

7. 

7 

7.538 

— 

— 

29 

32 

62.4 

28 

St. J u»eph. Mo. 


7 221 

6.884 

7. 

7. 

8. 

— 

— 

38 

— 

— 

29 

Duluth, Mmu. 


7 341 

7.901 

7.019 

7. 

7 384 

— 

— 

1 39 

— 

— 

30 

Mobile, Ala. . 


7 697 

6 788 

8. 

8. 

8 

— . 

— 

17 

20 

210.8 

31 

/ Omaha, Neb. 


8. 

8. 

8. 

8. 

8. 

7.71 

7 28 

25 

28 

69.0 

— 

1 Atlanta, Ga. 


8. 

8 

8. 

H. 

8 


— 

33 

23 

121.7 

— I 

Savannah, Ga. . 


8. 

8. 

8. 

8. 

8. 

__ 


42 

37 

20.6 

— 

4 Birmingham, Ala. 


8. 

8. 

8. 

8. 

8. 

— 

— 

41 

— 

— 

— ' 

Houston, Texas 


8. 

8. 

8. 

8. 

8. 

— 

— 

43 

i 

— 

— 

1 Little Rock, Ark. 


8. 

8. 

8. 

8. 

8. 

— 

— 

31 

31 

62 6 

— ■ 

V I’ortland, Oic 


8. 

8. 

8. 

8. 

8. 

— 

— 

32 

29 

68 5 

32 

Salt Lake City, Utal 

1 

8 231 

8 

8.038 

9. 

8 

— 


36 

22 

131 7 

33 

Dallas, Texas . 


8.427 

8 788 

7.676 

8 423 

8.92.3 

— 

— 

37 

36 

27 0 

34 

Ta<-oma, Wash. 


9 341 

10. 

9 365 

10. 

10. ! 

: _ 1 

— 

21 

24 

121.3 

35 

Denver, Col . 


10. 

10 

10. j 

10. 

10 1 

831 

7 71 

31 

35 

27.9 

36 

Seattle, Wash . 


10. 

10. 

10. 

10. 

10. 

1 

—* 


It is believed that such extraordinary local differences are not explained, («) by 
the ‘ disinclination of capital to migrate,’ as considerable movements of loanable- 
capital occur as the result of arbitrage business between the foremost money 
markets of various European States and of the United States, with a much 
smaller difference in prospective return as the sole inducement ; nor (h) by the- 
difference in the security of the paper offered for discount on the markets of 
the various cities considered, as the averages have, in all cases, been calculated 
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from the lowest rate quoted weekly for such cities, and may consequently be held 
to represent the price paid for discount of the best paper which was made in those 
localities. 

Differences in the rate of discount charged upon the best paper brought to 
market so greatly to the disadvantage of districts remote from the cliief money 
markets of the land, do not emerge in countries where a number of large banks 
extend their activity into every considerable district by means of numerous branches 
and agencies, e.y., as in Scotland and Canada ; nor where a great central bank, in 
observance either of the law or of its own interest, provides identical facilities to 
discount customers in every market of consignment, C./7., as in France, Germany, 
Austria, the Netherlands, Belgium and Japan. 

It is submitted, therefore, that differences in discount rates as between tho 
various cities and geographical divisions of the United States are chiefly to be 
explained by the peculiarities of the banking system of that country. It consists of 
nine thousand odd ^National,’ ^Slates’ and pri^^ate banks, each confined in the 
main to one locality, and the neighbourhood immediately thereto adjacent, as 
well in its borrowing as in its lending business. But 8,600 banks, in round 
numbers, enjoy privileges of issue, and these are extremely restricted in character. 
J list as there exists no adequate machinery for gathering up loanable capital from 
the older and accumulating groups of tlie population and applying it further west 
and south, to the exploitation of natural resources and of other undertakings, the 
development of which is in progress, or awaits the beginning, so is there no 
efficient system of domestic arbitrage, neflr even an approximate equalisation of 
discount rates. 


TUESDAY^ AUGUST 21. 

The following Papers were read ; — 

1. The Economic Geography of Rhodesia, By F. C. Selous. 
(Joint meeting with Section E. See p. 721.) 


2 . Economic Aspects of the Workmen's Compensation Bill. 
By J. R. Macdonald. 


3. The Relation of the Employment of Women and Children to that of Men, 
By Carroll D. Wright. 


4. Recent Reaction from Economic Freedom in the United States. 
By It. R. Bowker, 


5. The Theory of Economic Choices. Professor F. H. Giddings. 


WEDNESDAY, AUGUST 25. 

The following Papers were read : — 

1. Some Economic Notes on Gold Mining in Canada. 
By Professor J. Mayor. 


2. Theory of Railway Rates. By W. M. Ackworth. 
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Section G.— MECHANICAL SCIENCE. 
President of the Section — C. F. Deacon, M.Inst.C.E, 


THURSDAY, AUGUST l‘J. 

Tlie President delivered tlie following address: — 

In this ever-memorablo year of the Victorian Age, it is not unnatural that 
anyone called to fill the chair I occupy to-day should experience a sense of oppres- 
sion, when contemplating the fruits of mechanical science during the last sixty 
years, and the tremendous vista, fading in the distance to a dream, of the fruits it 
is destined to produce before such another period shall have passed away. 

There would be no possibility, in the time at my disposal, even if I were 
qualified to attempt it, of adequately reviewing the past ; and however fascinating 
the thought may bo, it would ill become my office to venture far along the vista 
before us, lest a too airy imagination should break the bonds of that knowledge 
and that truth to which she must ever remain, in our rightful speculations, a 
helpful, if not always an obedient, handmaiden. 

In the year 1831, two places, the one ancient and memorable, the other young, 
but destined to become memorable, bore the name of York. At the first of these, 
amid relics of ancient Pome and lasting memorials of the better phases of Britain’s 
mediaeval history, were met together in that year the earliest members of the 
British Association. And as the sun at noonday shone on that ancient York, it 
rose upon the other York— a little town, scarcely more than a village, of 1,700 
people, fast springing from a plain on the shores of Ontario, Avhere the wigwam 
of the Chippewa had lately been ; and between the two lay the Atlantic and a 
distance of 3,800 miles. 

Sixty-six years later, the British Association meets in that other York, dis- 
tinguished under the name of Toronto, and grown into a noble city. Painfully, in 
stage coaches, must many of the founders of this Association have travelled to that 
ancient York ; peacefully and amid all comfort and luxury have we from the 
mother country reached, at her invitation, this great city — chiefest, in her people, 
her commerce, and her University, of the cities of Western Canada. 

Neither at the meeting in York of 1831, nor elsewhere, until many years later, 
was there any expectation of the possibility of these things. Six years later, 
about the beginning of that glorious reign of which the sixty-first year is now 
passing — although two or three vessels had already crossed the Atlantic under 
steam, it was still seriously doubted whether, without the aid of a Government 
subsidy of considerable amount, a line of steamers, even for the New York service, 
could be permanently maintained. It was not, indeed, until 1838 that the Great 
Western inaugurated the attempt on a commercial basis, and she performed in 
fifteen days the vovage which is now regularly performed with complete com- 
mercial success in five. 
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Would not the suggestion of such a change, of such a spanning of great dis- 
tances, of such a consequent growth of prosperity and of culture, within the reign 
of a princess then approachinj^ womanhood, have been received as the wildest of 
forecasts by the British Association of 1831 ? 

Yet this is but one of a multitude of results, no less startling, which the same 
agencies have brought about. We are now holding the second meeting of the 
Association in Canada, and at the first such meeting, held thirteen years ago in 
Montreal, some hundreds of miles nearer home, Sir Frederick Bramwell told you 
from this chair, in his own inimitable way, the causes of so great a change, and he 
pointed out to you, as 1 venture to point out again, that the visible instruments of 
that change have been forged by the men who are, or were, or ought to be, the mem- 
bers of Section G. To such encouragement as Section G has given is largely due 
the progress and triumph of applied mechanics as the natural outcome of theoretical 
investigation and physical research. Finally, and with no reserve in the minds of 
reasonable men. the old fallacy of a discord between theory and practice has been 
swept away. For centuries that fallacy held apart, as it were, the oxygen and 
the nitrogen of that atmosphere in which alone the new life could exist. It limited 
the philosopher who examined the laws of nature almost entirely to the study of 
phenomena external to the earth on which he dwelt, and it stamped the practical 
man as a lower being, the possessor of certain necessary knowledge, having no 
relation to the studios of the schoolmen, and which it would be beneath their 
dignity to pursue. And notwithstanding the great names which have stood out in 
opposition to these views, the popular idea of discord between theory and practice 
took long to die, and only within the Victorian Age has the complete truth been 
generally recognised, that if one fails to account for the result of any physical 
combination, the cause is to be found not in any discord with theory, but in the 
facr that the observer has failed to discover the whole of the theory. 

We English-speaking people, alone, I believe, among civilised nations, use this 
word, theory, with unpardonable looseness — as almost synonymous in effect with 
hypothesis, and the result is fruitful of error. Until the truth of any hypothesis rs 
placed beyond all manner of doubt it is not, and should never be called, the 
theory. 

Within these walls, the genius loci impels me to thoughts which have not 
often entered into discussions of Section G ; and, perhaps, if this address were to 
be discussed, I should choose subjects and premises, the proof of which, to the 
satisfaction of others than myself, it would probably be less difficult to maintain. 
In this University of Toronto under whose aegis all that was best in the older 
schools of thought is cultivated by the side of those practical applications of 
science which in bygone days were distinguished as tlie unworthy uses of philo- 
sophy, one’s thoughts insensibly turn to the marvellous change in the opportunities 
afforded for acquiring a knowledge of applied science — for beginning, in short, the 
career of an engineer. 

It is not proposed to discuss the progress and prosperity which mechanical 
science has brought about in the Victorian Era, much less that which the suc- 
ceeding years will yield ; but I venture to think that a proper subject for con- 
sideration from this chair, if not for discussion in this Section, is to be found in 
any unnecessary waste of energy which may occur in the process of mental 
development of the men who are to succeed us in the great work to which 
we devote our lives. Obviously it is to the interests of our calling, and conse- 
quently of the nation at large, that such waste should be reduced to a minimum, 
and therefore I make no apology for mentioning certain points in which its presence 
is particularly striking. There may be waste of potential, as well as of actual 
energy, and if we fail to expend energy on certain subjects because our lime 
is occupied with others which are less useful, it is waste of energy only differ- 
ing in degree from its expenditure on useless subjects. There is assuredly no lack 
of potential energy in the coming race. In spite of any training, whether well oa* 
ill directed, a large proportion will become actual and useful energy; but guidance 
and direction being given, the mode of that guidance and direction should be the 
one best calculated to secure the highest possible proportion of useful effect. 
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If we look back at the greatest names among the engineers and inventors of the 
latter part of the eighteenth century and the first half of this, we find that the 
majority were brought up in pursuits quite distinct from the work of their after 
lives, and by which they have become so familiar to us. There were scarcely any 
means whatever, beyond the original thought and dogged perseverance of the 
worker, by which those men could attain the knowledge they used with such 
effect. Men of no less exceptional parts arc among us now, but the whole environ- 
ment of their early work has changed. Wo have given to the exceptional man a 
starting-point of knowledge which, wisely used, lifts him as high above our heads 
as of old, but we have given to the average man a comparatively easy means of 
attaining the same knowledge. AVe cannot ensure the wise use of that knowledge, 
but we can at least endeavour to impart it in such a manner that the sense of 
right proportion shall be acquired and maintained. We have made it more 
dilficult to distinguish between the exceptional and the commonplace — between 
the gold and the silver, if not between the silver and the brass ; lot us be careful, 
so far as early guidance can control it, that the knowledge imparted to the average 
mind gives to that mind a fair start concerning the relations, undivided and 
indivisible, between true theory and sound practice. 

Having myself passed as an ordinary apprentice through workshops of 
mechanical engineering in the old days when working hours were longer than 
they now are — from six in the morning till six in the evening, and that, too, on the 
bulks of the Clyde, where no special indulgence was given to what was sometimes 
called iho ‘gentleman apprentice,’ and feeling convinced, as I still do, of the 
immense and permanent advantage derived from that experience, I shall not lie 
judged to underrate its value in the ease of others wlio have yet to choose the 
details of the career by which they expect to gain a place in the profession or 
business of au engineer. 

On the other hand, as a student thirty-four years ago under the late Professor 
Macquoru Rankine and the present liord Kelvin, I shall not be prone to iinder- 
•estiinate the advantages of academical training in its proper application to the 
profession to which I am proud to belong. 

In the pursuit of that profession it has fallen to my lot to observe the training 
as engineers of many younger men — men of variously constituted minds, but one 
and all bent on harning some portion of ‘ the art of directing the great sources of 
power in nature for the use and convenience of man,’ words wisely chosen, sixty- 
nine years ago, and set out as the object of the profession in the Royal Charter of 
the Institution of Civil Engineers. It is a noble object, this direction of the great 
forces of nature for the use and convenience of man ; it is an ambitious object, and 
one wliicli I venture to think demands for its right performance the best energies 
of well-balanced minds working upon a store of knowledge which nothing but years 
of untiring study and observation can give. Yet there is no hesitation shown to 
outer the lists. The nurab(‘r of candidates is appalling. In the old country, at 
least , there certainly h not work for all, but when one points this out, anxious 
parents only reply that the dilliculty is as great in connection wdtli any other 
profession. Whether this be so or not I cannot j udge, but J am per>uaded that of 
those who do enter the business or profession of the engineer, the enormous majority 
are not born engineers, and cannot, in the nature of things, hope for success unless 
they take advantage of the best facilities open to them —the best facilities \ 
here is the difficulty : from the multitude of facilities how are we to choose ? 

Do not suppose that I think tlie training of the born engineer should not be 
controlled. He will stand head and shoulders above the rest of us whatever wo 
may do with him ; but in order that his exceptional parts may not wreck him as 
an engineer, and in order that his energies may be rightly directed at the start, 
he, too, should have the advantages of that systematic training which to his less 
gifted brethren is becoming more and more absolutely essential to success. 

At the time I began practice the largo majority of young engineers were left 
entirely to their own devices so far as the attainment of any scientific knowledge 
was concerned. As pupils or apprentices, articled or not, they entered an engineer’s 
works or office j for a certain number of years they had the run of the place and 
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some encouragement if they worked well, but it could not, in the nature of things, 
amount to much more. This was a very necessary, perhaps the most necessary, 
element of their training ; hut except to the few who were so constituted that with 
little or no guidance they could supplement their practical knowledge with the 
Study of principles elsewhere, it was entirely ineffectual in the production of that 
well-balanced attitude of mind which any person who properly assumes the name 
of an engineer must hold towards every engineering problem, great or small, which 
ho is called upon to solve. And so strongly have I felt this, that in the earlier 
days, when there were fewer schools of practical science, and when their utilit y 
was little understood, I required, wherever the matter was under my control, the 
insertion into the articles of apprenticeship of a clause by which, at some incon- 
venience to the office, the pupil was required to attend two sessions at the science 
classes of Glasgow University, or at some other approved school of practical 
science ; and without this condition 1 declined to take the responsibility attaching 
to the introduction into the profession of men who, in their earlier careers, from no 
fault of their own, had not even acquired a knowledge of what there was to learn, 
much less of how to learn it. 

More recently this course has generally become unnecessary ; for in West- 
minster, at least, the young engineer rarely enters an office until ho has acquired 
some knowledge of what he has to learn. lie enters, in short, at a much more 
advanced age than formerly. Wlien it is essential that he should be earning 
something soon after he comes of age, anything like a complete training is an 
impossibility ; his work ceases to be genei^l, and his practice is more or loss con- 
fined in a much narrower sphere than need be the case if the pursuit of further 
knowledge continues to be his chief duty. 

But whatever course bis circumstances may permit him to adopt, the difliciilly 
of gaining the required knowledge in the time available is a serious one. This is 
not the place to inquire whether public school education in the mother country 
is, or is not, the best for the general purposes of after life, or to discuss what, 
improvements may he made in it ; and of higher education in Canada I unfortu- 
nately know little or nothing. Personally I admit the possibility of improvement 
in the English system, and slowly but surely improvement is creeping in, as such 
changes rightly find their way into instihitions which have done so much for 
Englishmen. In this particular I lean to the conservative side, and whatever our 
individual views may be concerning the time spent on the study of Latin and 
Greek, we should aU probably agree that the school education of an engineer 
should he as thorough and liberal as for any other profession. But for the sake of 
a technical training to follow, this school education is often unduly curtailed, to 
the great after-grief, in very many cases, of the successful engineer, and not 
infrequently also of the less successful engineer who, in some phases of his pro- 
fessional career, has been only too keenly alive to the self-reproach and sense of 
inferiority which want of thoroughness or of time, or of both, at school has 
brought upon him. 

But at some time the boy must leave school. Let us hope that he does not 
aspire * to control the great forces of nature ’ ; but if he does we must make the 
best we can of him. 

It is not desirable, at least so it appears to me, that even at this stage his 
training should he specialised in view of the particular branch of the profession 
or business he is likely to follow. The fundamental principles of any branch of 
mechanical engineering are broadly the lundainental principles of any branch of 
the profession. I hesitate to speak of civil engineering as if it were a separate 
branch, instead of being, as it really is, the generic name of the profession ; hut 
the training demanded for the various branches of civil engineering in its narrower 
sense is precisely the same as that required in its earlier stages for mechanical 
engineering pure and simple. 

I shall make no attempt to review the large number of excellent courses which 
are now available for the teaching of applied science in relation to engineering. 
Experience of the results as judged by the students who have come directly under 
my notice, and examination of many calendars, has aroused various thoughts con- 
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cerning them, and this thought is perhaps uppermost ; are we not in some cases 
attempting at too early a stage the teaching of subjects instead of principles ? 
Complete subjects, I mean, including the practical working of details which will 
become the regular study of the student in the otlice or works of an engineer. It 
certainly seems to me to be so. I do not say that subject training of this kind 
at college may not be useful ; but we have to consider whether it does not, for the 
sake of some little anticipation of his office work, divert the attention of the student 
from the better mastery of those principles which it is so essential for him to grasp 
at the earliest possible time, and which do not limit his choice in the battle of life 
to any branch whatever of the profession or business of an engineer, but which, 
on the contrary, qualify him better to pursue with success whatever branches his 
inclination or his opportunities or his means may suggest. Not one in a hundred 
of us can hope to emulate the careers of exceptional men in our profession, but it 
is sometimes useful to observe those careers, and whenever we do so we find the 
very reverse of specialisation. The minds of such men are impregnated with the 
fundamental ])rinciples which wc may call the common law of our art ; it has 
happened that their practice has been large in certain brandies, and small or 
wanting in certain others ; but in any it would have been equally successful. Of 
no class of men can it be said with greater truth than of engineers that their 
standard should be sound knowledge of the principles of many things and of the 
practice of a few. 

There is some danger in the usual limitation of compulsory subjects in examina- 
tions for certificates and degrees. When an examination has to be passed subjects 
not made compulsory are too often entirely neglected, however important to the 
engineer tln^y may be. A little learning is certainly not a dangerous thing if 
within its limits it is sound, and every engineer will in after life be grateful to 
those who in his studcnit days insisted upon his acquiring some knowledge of the 
principles of such subjects as electricity and chemistry. At present it too often 
happens tliat, unless an engineering student is predestined to practise electrical 
work or some chemical industry, he begins life as an engineer with little or no 
knowledge of the principles of either the one or the other, and ciiiefly as a result 
of their neglect for the sake of certain subjects made compulsory for the test he has 
had to pass, which subjects too often include highly specialised details which, I 
venture to think, cannot be rightly mastered in schools. It is natural and riglit 
that each professor of a principal subject should seek to make the best, from his 
own particular standpoint, of every student who attends his lectures or his labora- 
tories ; and the professor of a compulsory subject cannot be expected to encourage 
the inclusion, in a course already overcrowded, of secondary or collateral subjects 
which are dealt with by other professors ; while, on the other hand, the pro- 
fessors of secondary subjects, such as electricity or chemistry, not unnaturally 
value chiefly tlie students who make those subjects their principal work. 

For these reasons it appears to me that a certain very moderate standard in all 
such subjects should be made compulsory if a certificate of proficiency, whether by 
degree or otherwise, is to bo given to students of engineering. 

In the teaching of mathematics within the Victorian age a considerable change 
has taken place, and I plead for still a little more change in the same direction where 
the training of the engineer is concerned. Mathematics, as taught in our public 
schools— let us say for the Cambridge University Tripos — may be all that is 
claimed for it as a mode of mental culture ; hut of kindred mental culture the 
engineer must necessarily have more than most men, and much might therefore 
be omitted which, to him at least, has only an abstract value, to the great advan- 
tage of hie mastery over those branches which at once train his mind and give 
point and direct utility to his solutions. 

In America I understand that a college course of engineering generally includes 
workshop practice designed to supersede the old system of apprenticeship to a 
mechanical engineer. This fact and ’other important differences between the 
English and American practice have only lately come to my knowledge, and before 
they did so the substance of this address had been written. It might, in some 
particulars, require modification as applied to Canada, but it remains the result of 
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my observations concerning tbe conditions of engineering education which obtain 
in the mother country. 

A few words now in relation to that physical and mental training gained 
laboriously, and somewhat wastefully as I think,at the joiner’s bench, in the fitting 
and turning shops, the foundry and the forge, during the old course of mechanical 
engineering apprenticeship. I am convinced that the kind of knowledge which 
comes of tlioughtful chipping and filing and turning and forging, though only 
applied to a few of the materials with which in after life the engineer has to deal, 
are quite as important as tables of density and strength to his future sense of 
rightness in constructive design. The use of such work is not merely to teach one 
the parts and combinations of any particular machine ; in a still higher degree it 
is the insensible mastery of a much more subtle knowledge or mental power, the 
application of the senses of sight and touch and force, it may be of other senses 
also, to the determination of the nature of things. (1 am not going to apologise 
for referring to the se7?se of forcp. The vexed question of its separate existence 
appears to me to have been settled fourteen 5^ears ago by Lord Kelvin in bis 
address at Birmingham on ‘ the six gateways of knowledge,’ and I may well leave 
it where he left it.) I should altogether fail to describe adequately what this 
mastery means. It appears to mo to be inscrutable. The value and nature of the 
power can only be appreciated by those who have experienced it, and who have 
felt its defect in those of their assistants or in others who do not possess it. 

But the great workshop training has still further advantages. The apprentice 
is surrounded by skilled workers from wdiose example, if he is wise, he learns a 
great deal ; and apart from this it is no small profit to have rubbed against the 
British worlfman, to have discovered what manner of man he is, and to compre- 
hend how little the world knows of his best parts. The whole time spent in large 
engineering works cannot, however, be uniformly beneficial; the apprentice mu^t 
take the work as it comes ; the most interesting or instructive portions cannot be 
(reserved for him, and he often feels that some of his time is being well-nigh 
wasted. 

A few years ago I should not have thought it practicable usefully to substitute 
for such a course anything that could be undertaken in a student’s workshop, how- 
•ever organised ; but the impossibility, in many cases, of including such experience 
without neglecting something equally important has led mo to view with satisfac- 
tion the introduction of workshop training into certain schools of applied science in 
England. Such a change cannot of course carry with it all the advantages of 
experience in the great workshop and of contact with its workers, but those 
advantages wliich it does retain may be secured in a shorter time where there is 
no commercial interest to be served. 

In Canada and tbe United States, as I liave already said, the principle of the 
student’s workshop has been carried considerably further. Compared witli the 
old country, I believe the number of young assistant engineers who in proportion to 
^he number of their chiefs can find employment in America is much greater, and that 
it would be practically impossible for the British system of pupilage to be generally 
employed. Here, therefore, tlie whole college training of an engineer is designed 
to tit him for immediate employment in some specific branch of the profession, 
and up to this point his training is, necessarily no doubt, more academic tlian in 
England, where the application of the principh's he has acquired at college is still 
generally left for tbe olfice or works of the engineer. With this difiereiice I am 
not at present concerned, but I desire to reiterate what I have already said to tlio 
ellect that where, as in England, the student of engineering lias the opportunity of 
continuing his training in the olfice or works, it is better that bis limited college 
course should cover all that is po.ssible of tbe principles of those sciences which 
may prove useful or nece.ssary to him in after life, rather than that any of them 
should be omitted for the sake of anticipating the practical application of certain 
others. • 

Tlie compulsory inclusion of the principles of all such subjects as chemistry, 
electricity, geology, and many others, in science courses intended for a future 
engineer is desirable not only because a fundamental knowledge of them leaves 
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open a very much wider field from which the engineer may, as opportunity offers, 
increase his knowledge and practice in the future, but because many of such sub- 
jects are inseparable from an intelligent understanding of almost any great 
engineering work. * Nothing so difficult as a beginning ’ may be a proverb of 
rather too far-reaching a nature, but it contains the suggestion of a great truth, 
increasing in weight as we grow older, and the beginnings of such collateral 
sciences should therefore find a place in every engineering student’s store of early 
knowledge. 

But after all, when these things have been done in the best manner — when the 
scientific and practical training of the engineering student has •been all that can be 
desired, it is a matter of general experience among engineers who have closely 
watched the rising generation that the most successful men in after life are not 
produced exclusively from the ranks of those whose college course has been most 
successful. No doubt such men have on the average been nearer the top than the 
bottom, but it is an undoubted fact that when we class them according to their 
earlier successes or failures we find the most remarkable disparities. We find 
many who in academic days gave but little promise, and we miss large numbers 
who promised great things. These facts are not confined to the profession of the 
engineer, but they seem to me to be accentuated in that profession. We shall no 
doubt be right in attributing the disparity to differences of mental temperament 
and of opportunity ; but does it follow that there are no faculties which may be 
cultivated to reduce the effect of such differences ? I venture to think there are. 
I will instance only one, but perhaps the most important of such faculties, and which 
in my experience among young engineers is exceptionally rare. I refer to tlie power 
of marshalling facts, and so thinking, or speaking, or writing of them that each 
maintains its due significance and value. 

In the minds of many young engineers exceptional mathematical powers often 
have the effect of making it extremely difficult to avoid spending an amount of time 
upon some issues out of all proportion to their importance ; while other issues 
which do not readily lend themselves to mathematical treatment, but which are 
many times more important, are taken for granted upon utterly insufficient data, 
and chiefly because they cannot he treated by any process of calculation. I 
believe that nothing but well-directed observation and long experience can enable 
one to assign to each part of a largo engineering problem its due importance ; 
but much may be done in early training also, ana I think ought to he done, 
to lead the mind in broader lines, to accustom it to look all round the problem, 
and to control the imagination or the natural predilection for one phase from 
disguising tlie real importance of others. In the practical design and execution of 
important worlvs the man will sooner or later be recognised who has the power so 
to formulate his knowledge, and on the same principles has succeeded in so 
marshalling and expressing his thoughts, as to convey to those by whom lie is 
employed just so much as may he necessary and proper for their use. 

Such considerations are not, it is true, a branch of mechanical science, but 
being essentially important to the attainment of maximum usefulness in the 
application of any sciencf3 to the various branches of engineering which are the 
chief ends and aims of mechanical science, they are, I think, worthy of mention 
from this chair. 

In proportion as the engineer possesses and exercises such powers he will avoid 
those innumerable pitfalls to wliich imperfectly instructed ingenuity is so particu- 
larly liable, and to which the Patent Office is so sad a witness ; and in tlie same 
proportion must always be the useful outcome of the great schools of science 
which have become so striking a feature of the later Victorian age. 

In relation to the results of applied science, I have spoken only of the steam- 
ship 5 add the telegraph, and I think wo have the must important tools by which 
the present conditions of modern civilisation have been rendered possible. And 
more than this, I think we have, in the lessening of space, and the facility for 
intercourse they give, the chief secret of that marvellous development of the 
empire wliich this year has so pleasantly and so memorably signalised. Is ^ Our 
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Lady of’ tbe Hiinsbine and Hhe Snows’ no nearer to the mother land tban 
sixty years ago ? Are tbe Australlaa — New /('aland — no nearer to both ? 
Assuredly they are. Would British Africa, would the Indian Empire have been 
possible to Britain on the principles and the methods of Imperial Rome ? Un- 
questionably not. Then let me say again that I claim for the objects and the 
work of Section G a magnificent record, an abiding power for the peace of the 
world, and for the unity and prosperity of the great empire to which we belong. 


The following Papers were read : — • 

1. The Soida^iges Canal, a Tyjncal TAnk of the \i-Joot Inland Naviga- 
tion of Canada between Lake Erie and Montreal. By J. Monro, 
M.lnst.C .E, 

The paper contained a short history of canal construction in Canada from 
its beginning in 1779, under General llaldimand, to the present time. Also some 
remarks on the growth of population and commerce, together with a comparison 
of the chief characteristics of the rival routes for the western trade ; and the 
reasons why it is probable that the St. Lawrence will eventually obtain a large 
share of it. 

This was followed by a de.^^cription.of the Sonlanges Canal — its location — 
together with the various modificaUons introduced into its construction and by 
which it is believed navigation for large propellers and consorts will be rendered 
safer and more exi)editious than lieretofore. 

The paper was accompanied by maps, plans, add photos, illustrative of the 
subject. 


2. On the Hydraulic Laboratory of McGill University. 

By Professor Henry T. Bovey, M.Inst.C.E., and J. T. Farmer, Ma.E. 

This paper commenced w'ith a general description of tlio equipment in tlie Hy- 
draulic Laboratory, McGill University, Montreal, and then discussed in detail the 
principal pieces of apparatus. Amongst these, especial reference was made to the 
tollowing : — 

The valve arrangement in the experimental tank by which the orifice plates 
can be easily taken out and replaced by others, with the loss of not more than a 
pint of water, whatever the head over the orifice might be. 

A jet-measurer, by which the sectional dimensions of a jet at any point of its 
path can be rapidly and accurately determined. 

An impact machine for measuring the force with which Tvater issuing from 
orifice nozzles or pipes strikes buckt'ts or vanes of different forms and sizes. 

A pressure chamber which defines more accurately the mean pressureat any point 
of a mass of water flowing througli a pipe. The main feature of this chamber is 
the substitution for the small holes usually adopted of a continuous opening less 
than 005 inch in width, around the bore. 

A self-adjusting dynamometer giving the drag in a single reading. One half of 
the brake-hand is of leather and one half of copper, the angle of contact for each 
material being very approximately 180°, The frictional resistance of the leather 
is greater than that of the copper. Thus, if the band friction should increase, the 
drag would also increase, a portion of the leather would be unwrapped, an equal 
portion of the copper would he brought into contact so that the frictional resistance 
would be less, and the drag would continue to diminish until dynamical equilibrium 
had again been established. If the band-friction should dimmish, a reverse process 
would be the result. 

A. triple-throw single-acting experimental pump, designed for a maximum speed 
of 150 revolutions per minute against a pressure of 120 lb. per square inch. The 
pump has interchangeable valves, and is also provided with a specially designed 
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continuous triple indicator apparatus which autograph ically i*ecords during a trial 
the speed, variation, and duration of the valve chamber pressure at any point of 
the stroke. 


FRIDAY, AUGUST 20. 

The following Report and Papers were read : — 

1. Supplementary Report on the C<dibration of Instruments in 
Engineering Laboratories. — 8ee Reports, p. 424. 


2. The Strength of Columns. By Professor Gaktano Lanza. 

An attempt to compute the strength of any given column by the various rules 
and forraulffi commonly foiind in different handbooks, and books written by so- 
called authorities, will speedily reveal considerable discrepancies, not only in the 
formulm, but also in the results. 

Hence it becomes a matter of importance to make a careful study of the tests 
that have been made, under practical conditions, on columns of such sizes and 
proportions as are used in construction ; for, whether we desire to adopt empirical 
formulce or to endeavour to obtain rational ones, the final tests of all theories and 
formulae must be whether they agree with the facts as shown by the results of 
such tests. 

A summary is therefore given of the principal experiments that have been 
made of columns of practical sizes. 

The greater part of the tests contained in this list were made on the United 
States testing machine of eight hundred thousand pounds capacity, located at the 
arsenal at Watertown, Massachusetts. The details of these tests are published in 
special yearly reports issued by the Ordnance Department of the United States 
Goveniment. 

The following is the summary : — 

Cast-iron Columns, 

1. Tests of Metals, Watertown Arsenal, Reports of 1887 and 1888. 

2. Raiischinger, ^ Mittheilungen aus dem Konigl. Mech. Tech. Lab., Muuchen,’ 
Heft 12, 1885, and Heft 15, 1887. 

The Watertown reports contain tests of eleven old and of five new cast-iron 
mill columns. 

Bauschiuger tested the relative ability of cast and of wrought iron columns to 
hold their otherwise safe load when heated to redness and sprinkled with cold 
water. 


Wrought-iron Columns. 

1. Bouscaren, ‘Report of Progress of Work on the Cincinnati Southern 
Railway,’ 1875. 

2. ‘ Transactions Am. Soc. Civil Engineers,’ 1882. 

5. ‘ Transactions Am. Soc. Civil Engineers,’ 1884. 

4. ^ Exec. Doc. 12,’ 47th Congress, Ist Session, House. 

5. ‘ Exec. Doc. 1,’ 47th Congress, 2nd Session, yenate, 

6. ‘ Exec. Doc. 5,’ 4Bth Congress, 1st Session, Senate. 

7. ‘ Exec. Doc. 35,’ 49th Congress, 1st Session, Senate. 

8. ‘ Exec. Doc. 30,’ 49th Congress, 1st Session, Senate. 

9. ‘ Tests of Metals, Watertown Arsenal,’ 1888. 

10. ‘ Technology Quarterly,’ vol. ix.. Nos. 2 and 8, June and September 1896. 
Of these Nos. 2, 4, 5, 6, 7, 8, and 9 were made at Watertown Arsenal; 

No. 3 contains a few tests where the columns were of practical sizes, together 
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with many where they were not ; No. 10 contains a few tests of wronght-iron 
pipes used as columns. 

In the tests made at Watertown Arsenal we have a long series on wrought- 
iron built up bridge columns. 


Timber Columns. 

1. Exec. Doc. 1,’ 47th Congress, Ist Session, House. 

2. Report of tests on full-size wooden mill columns, by G. Lanza, 1882. 

3. * Exec. Doc. 1,’ 47th Congress, 2nd Session, Senate. 

4. ^ Journal Assoc. Engineering Societies,’ Nov. 1889. 

6. ^ Technology Quarterly,’ vol. viii., 1895. 

6. Bauschinger, ‘ Mittheilungen aus dem Konigl. 3Iech. Tech. Lab., Heft 9 
and Heft 16. 

7. * Transactions Canadian Soc. Civil Engineers,’ vol. ix., 1895. 

The tests cited in Nos. 1, 2, 3, and 4 were made at Watertown Arsenal, 
and comprise a very extensive series of tests of full-size timber columns ; those 
cited in No. 5 were made at the Massachusetts Institute of Technology, those in 
No. 6 by Professor Bauschinger at Munich, and those in No. 7 by Professor 
Bovey at McGill College, Montreal. 

In order to represent to the eye the results of these tests, and therefore to 
enable us to discuss them, the following diagrams are presented : — 

1. A diagram showing the results of the tests of cast-iron mill columns. 

2. A series of four diagrams showing the results of the tests of wroiight-iron 
bridge columns, and also empirical formulse representing in each case the rigid - 
hand portion of the curve, which is concave upwards. 

3. A series of four diagrams showing the results of the tests of timber 
columns cited in Nos. 1, 2, 3, and 5. 

In 1 and 2 the abscissae represent the ratio of length to least radius of 
gyration, and in 3 the ratio of length to least diameter, while the ordinates 
represent, in all the diagrams, the breaking loads per square inch of sectional 
area. 

A study of these diagrams, and of the details of the tests which they represent, 
gives us the facts in regard to the strength of full-size columns, and shows that- 
neither the experiments of Eaton Hodgkinson upon small samples nor the usual 


Fig. 1. — Cast-iron Columns from Pacific Mills. 



Abscitfsa*, leiiRtli divided by radius of gyration of smallest scetion. 
Ordinates, breaking strengths per square inch of smallest section. 


Euler or Gordon theories (so commonly quoted in the handbooks) are borne out by 
the facts. 

A perusal of all the diagrams show that, whenever the load on a column is so 
applied that its resultant acts along the axis of the column, the breaking- load per 
square inch of sectional area is practically constant up to a certain ratio of length 
to radius of gyration, which in wrought-iron bridge columns varies from sixty to 
eighty, and in a corresponding way to timber columns. 
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(The apparent exception occurrinf? in the diagram for the Phoenix columns is 
clearly due to tlie effect of the friction of the platforms of the testing machine on 
the columns of very small ratio of length to radius of gyration.) 

For higher values of the ratio of length to radius of gyration the breaking 



strength per square inch decreases, and the law of decrease can only be expressed 
empirically in each case. 

When, on the other hand, the load on the column is eccentric, we should not 
fail to take this into account in our calculations, and should always compute the 
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jrreateet fibre stress by adding the direct stress per square inch to the greatest 
fibre stress arising from the bending moment due to the eccentricity of the load ; 
and we should tlien so proportion the column that the total greatest fibre stress 
shall not exceed a certain allowable fibre stress, which last must bo a sufficiently 
small fraction of the breaking strength per square inch corresponding to the ratio 
of length to radius of gyration of the column, as shown by the diagrams. 

In the paper itself the results of the tests and the modes of computation, both 
for central and for eccentric loads, were treated more in detail, and then a discus- 

Fig. —Diagrams of Results of Tests of Timber Columns. 





Sion was given of the theories and formulae commonly found in the handbooks 
which are, for the most part, based on the results of llodgkinson’s tests on small 
samples, and fuller attention was also called, in the paper, to the disagreement of 
these latter with the facts. 


3. Jiesidts of Experiments on the Strength of White Pine^ lied Pine^ 
llemloch, and Sjtruce. By Profe.ssor H. T. Bovey, Il.Inst.C.E. 

This Paper contained 10 Tables giving the results of experiments on the trans- 
Yerse strength of 29 beams: of these, nine were of white pine, eight of red pine, 
seven of hemlock and Jive of spruce; while nine were kiln-dried, were 
saturated and frozen, and sLi teen were more or less uir-dried. 

The Paper also contained seventeen tables giving the results of experiments on 
the direct tensile and compressive strength and of the shearing strength of speci- 
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mens prepared from the beams tested transversely. The following inferences were 
•drawn : — 

(a) The tensile strength does not seem to he much affected hy kiln-drying, hut 
in tlie majorit\ of cases it i& diminished. 

(b) Kiln-drying invariably and greatly incieases the compressive strength. 

(c) Kiln-drying invariably and greatly diminishes the shearing strength, and 
therefore increases the tendency of beams to fail by longitudinal shear. 

(d) The transverse strength is increased by kiln-drying, in consequence of the 
increased strength given to the portion of the timber in compression. 

(e) Kiln-drying increases the co-elEcient of elasticity, and with kiln-dried 
specimens the changes of detleclion and length are practically directly proportional 
1o the changes of load, whether the specimen is being loaded or relieved of load, 

(f) The last (viz. e) is also true of specimens in a normal state, i.e. specimens in 
which the moisture is in eijiiilibrium with the moisture present in the atmosphere. 

(g) Timber is extremely sensitive to variations in the hygrometric condition of 
tlie atinosphen'. 

(h) The development of shakes and the tendency to longitudinal shear are 
much less in specimens which have been air-dried than in those which have been 
kiln-dried. 


4. A Neiv Apparatus for Sfudj/iug the Rate of Condensation of ^Sfeam on a 
Metal i^urfaee at Different Teniperojiures and Pressures, Jhj II. L. 
Callendar, jV.A., Professor of Physics, and J. T. Nicolson, 

J}.^Sc., l^rofessor of Mechanical Enyinecriny, (f McCid University, 
Montreal. 

[Ordered by the CJcncral Committee to be printed e-rtenso See Report'-, 

p. 418] 

As the result of some expeiiments by electrical methods on the measurement 
of the temperature changes of the walls and steam in the cylinder of a working 
steam-engine, which were made at the McDonald Engineering Building of McGill 
Eniversitv in the suiuinor of 1895, the authors arrived at the conclusion that the 
well-known phenomena of cylinder condensation could bo explained, and the 
amount of condensation in many cases predicted, from a knowledge of the indicator 
card, on the hypothesis that tlie rate of condensiition of steam, though very great, 
was not infinite, but finite and measurable. An account of these experiments was 
eommuiucated to the Institiib; of Civil Engineers in September 1890, and will, it 
is hoped, be published in the course of the ensuing year. In the meantime the 
authors have endeavoured to measure the rate of condensation of steam under dif- 
ferent conditions by a new and entirely different method, with a view to verify the 
results of their previous work, and also to estimate the probable tdTect of wetness 
or superheating of the steam, and the influence, if any, of the film of water adhering 
to the walls of the cylinder. 


o. Tests on the Triple -expansion Engine at Massachusetts Institnfe. oj 
Technology. Pry Cecil H. Peabody, Professor of Marine Engineer- 
ing and Naval Architecture. 

The experimental engine is a horizontal three-crank triple-expansion engine, 
built by the E. 1*. Atlis Company of Milwaukee. The diameter of the high- 
pressure cylinder is 9 inches, that of the intermediate cylinder is 16, and that 
of the low-pressure cylinder is 24 inches. All these pistons have a stroke of 
oO inches. The high-pressure and intermediate cylinders have Corliss valves of 
the ordinary type, moved by eccentrics with a small angular advance. The 
valves for the low-pressure cylinder are moved hy two eccentrics, each working 
its own wrist plate ; one of the eccentrics has a small angular advance, and 
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worlfs the exhaust valves, which, as usual, have a small lap ; the other eccentric 
has a large negative angular advance, and controls the admission valves, which 
are set with |-inch clearance. This separation of the admission and exhaust 
valve gear allows the cut-oft‘ to he prolonged to about ^ stroke without changing 
the action of the exhaust valves. 

A single powerful ball governor is given control of the cut-off valves for all 
three cylinders ; but any set of valves may bo disconnected from the governor, 
and then the cut-off by those valves may be raised by hand while the engine is 
running. It is the practice in the laboratory to allow the governor to retain con- 
trol of the high-pressure admission valves only, those for the other cylinders 
being adjusted for each test by hand. This arrangement throws a very light duty 
on the governor, so that with the aid of a heavy fly-wheel it regulates the 
engine very closely, and successive indicator diagrams from the several cylinders 
are very nearly identical. 

Intermediate receivers, each several times as large as the cylinders connected 
to it, are placed between the high and intermediate and between the intermediate 
and low-pressure cylinders. In each receiver there is placed an efficient reheater, 
made of copper tubing. 

The several cylinders are provided with steam jackets on the heads and the 
bands. A proper system of pipes and valves allows steam to he su])plied to or 
excluded from any steam jacket or either* receiver reheater. The condensed water 
from the jackets of any cylinder, or from either reheater, is collected in a closed 
receptacle and measured by displacement, five such receptacles being provided. 

The steam-piping is arranged so that boiler steam may be supplied to any 
cylinder independently ; and the exhaust pipes from the several cylinders are so 
connected that various combinations of compounding can be made. For example, 
steam may be exhausted from the middle cylinder into both receivers, and may 
then pass into both the small and the large cylinders, which then act as low- 
pressure cylinders. The exhaust steam iu any case is finally condensed in a 
surface condenser, and is collected and weighed in two tanks on scales. 

Tests on this engine are made as a part of the regular class work in the steam- 
engineering laboratory, all observations and calculations being made by the 
students. But the work is all under the careful supervision of competent instruc- 
tors, who also calculate all the results to give a standard witli wliicn the students’ 
calculations are compared. It is our experience that this method gives at once 
the best instruction to the students and very reliable results, which have been 
published from time to time for the information of engineers. The paper of which 
this is an abstract ^ives a rhurni of all the tests that have thus far been made. 

The standard time for an engine test is one hour, which has been found to be 
abundant, provided the engine has been running a sufficient time* under constant 
condition when the test is begun. When steam is supplied to the jackets of the 
cylinders during the test fifteen or twenty minutes’ preliminary running is enough, 
but when steam is not admitted to the cylinders one hour is required, it being tin' 
habit to start the engine when cold by first warming all the cylinders by aid of 
the steam jackets. 

Tests have been made on the engine running as a triple-expansion engine, and 
also running compound, using sometimes the small cylinder and the large cylin- 
der, and sometimes the intermediate and the large cylinders. Tlie several com^ 
binations have been tested, both with and without steam in the jackets. The 
best results have been attained when the engine is run triple-expanding, with 
steam supplied to the jackets on the heads and the barrels of all three cylinders. 
With a boiler pressure of 160 pounds, and wdth cut-off at one-third stroke for the 
high-pressure cylinder, the engine develops 160 horse-power at 90 revolutions per 
minute, and uses 13*7 pounds of steam per horse-power per hour, or 233 B T.U. 
per horse-power per minute. 

When no steam is supplied to the jackets of any of the cylinders the engine 
runs 270 B.T.U. per horse-power per minute, so that the ratio of the heat con- 
sumption with and without steam in the jackets is 

233: 270«1 : 1*16. 
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When steam is supplied to the jackets on the heads of the cylinders, but not to 
those on the barrels, the heat consumption is 262 B.T.U. per horse-power per- 
minute, giving a ratio of 

233 : 2G2 = 1 : 112, 

which shows an appreciable but not a large effect from using steam in the jackets 
on the heads of the cylinders. 

It is to be remarked that this engine under its most favourable conditions 
shows a very good efficiency, f.e., 0'183. This is 0*736 of the efficiency of Carnot’s 
cycle for the same range of temperatures, and is 0*813 of that of a non-conducting 
engine having the same range of pressure. 


MONDAY, AUGUST 2\\. 

The following Ileport and Papers were read: — 

1. Report on Small Scre^v Ganges.-— Hce Reports, p. 42G. 


2. Mo7itreal Electric Tramv'ay Syste7n, By G. C. Cunningham. 


3. The Bresent Tendencies of Electric Tramv'ay Traction. 

By J. G, W. Aldridge, A.M.Inst.ClE. 

Tramway work is at the present time, and has been for some years past^. 
characterised by an increasing use of mechanical traction systems. The reasons 
for this are obvious and self-evident. It is, however, worth while to look into the 
considerations that, so far as electric traction is concerned, have caused one system, 
or another to grow into favour, noting also the inherent qualities or attributes of 
each, which must have an effect on future developments. 

The United Kingdom lias practically 130 miles of electric tramway at work or 
under construction ; of this length 103| miles are operated on the trolley or over- 
head wire system, 15J miles by means of a third rail conductor, 6 miles by means 
of storage batteries, and only 4 miles on the underground conduit system. 

These proportions may be taken as fairly representative of other countries also, 
as far as can be ascertained. 

They seem likely to be maintained or even increased in favour of the overhead 
wire system, unless radical improvements can be made in the direction of a cheaply 
built and maintained conduit method, or more durable and light accumulators for 
placing direct upon the car. Objections to the overhead trolley wire system are 
almost entirely aesthetic, but at the same time have such great weight and force that 
every incentive is offered to the genius of invention to make improvements in 
other directions. 

The ordinary underground conduit with open slot is most expensive to instal 
and troublesome to maintain efficiently ; it cannot be built for less than 10,000/. or 
12,000/. per mile. Even its latest form (consisting practically of an underground* 
trolley wire) must require an outlay of nearly double the cost of an overhead w’ire 
system. 

Closed conduits with surface contacts usually operated by means of electro- 
magnetic switching devices in boxes under the street level are complicated, and it 
is to be feared are unreliable. The great weight of lead required on each car for 
accumulator traction means practically that the live paying load can never reach 
23 per cent, of the gross weight of loaded car ; whilst the combinations of trolley 
wire and battery, attempted on systems like those of Hanover and Dresden, are 
obviously ill-designed, the dead weight of battery being carried throughout tho- 
entire journey, though it is only required for part thereof. 
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The overhead trolley wire system therefore', appears likely to come into still 
greater use than has already been the case, if only on the ground of economy ; but 
in view of its admitted defects, the author has worked out an alternative method 
w'hich avoids the erection of trolley wires along the streets above the tracks. 

1. On a ]S[p.}D Method of Measuring llgsteresis in Iron. 

]hj J, L. W. Gill, B.A.Sc., of MrGiU University., Montreal. 

[Communicated by Professor Calllxdar, M.A., F.R.S.] 

When a specimen of iron is passed to and fro through a magnetic field without, 
any motion of rotation, the direction of the field being reversed each time thti 
specimen passes out of the field, the iron ))asses through a complete magnetic 
cycle for each cycle of motion, and a definite amount of energy is lost, due to 
hysteresis in the iron. Since energy is supplied only in the form of mechanical 
work upon the specimen, the hysteresis loss is, by tlio law of the conservation of 
energy, numerically equal to the resultant mechanical work expended. 

The instrument described below is based upon the above principle, and its 
function is to measure the work so expended. 

The magnetic field is obtained by the use of a solenoid wound on a brass tube. 
This solenoid is arranged vertically and lias a vertical motion, the ends of the 
solenoid being fitted with collars, which slide on two rigid vertical rods. An 
arm is fastened rigidly to the solenoid, and c'xtends out on one side. To this arm 
is fastened a cord, which passes over a grooved pulley vertically above. A 
balance-weight is attached to the other end of the cord. By rotating the grooved 
pulley the solenoid may be moved up and down, and will remain in any desired 
position. J'lie specimen to bo tested is placed in a stirrup, which is sufficiently 
small to pass through the solenoid, and is suspended by a helical b])ring, the point 
of suspension being vertically above the centre of the solenoid. Another helical 
spring extends from the bottom of the stirrup to a point vt'riically b(dow. This 
serves to keep the stirrup steady. The stirrup is suspended so that when the 
solenoid is in its lowest position the specimen is out of the magnetic field, being 
above the solenoid. As the solenoid is moved up the stirrup and specimen puNS 
through it, and when the solenoid is in its highest position the specimen is prac- 
tically out of the field. If the solenoid be movea once up and down, the field 
being reversed when the specimen is out of it, the specimen passes through a 
complete magnetic cycle, provided the specimen has been once through the field 
and is initially in that particular cyclic state. 

As the solenoid is moved up, the specimen is attracted down, the force of 
attraction increasing until it reaches a maximum when about one-half of the 
specimen is inside the solenoid. The attraction then decreases and becomes zero 
when the specimen is in the centre of tin* solenoid. Up to this point work is 
being done by the magnetic force. As the solenoid is moved up to its highest 
position the specimen is attracted upward, and work is done against the magnetic 
force ; the attracting force becomes a maximum when the specimen is about one- 
half out of the solenoid on the lower side, and becomes zero when the solenoid is 
in its highest position. The maximum force in the second half of the motion is 
greater than the maximum force in the first half. The work done in the second 
half of the motion is also greater than that done in the first half, the difference 
being the work expended in taking the specimen through half a cycle. When the 
"field is reversed and the solenoid moved down, the action is similar to that which 
takes place when the solenoid is moved up, and the resultant work done will br‘ 
the same, provided the specimen is homogeneous. 

The resultant work done on the specimen may be determined by observing the 
attracting force when the solenoid is in different positions, and then drawing a 
distance-force curve. The integral of this curve gives the resultant work done on 
the specimen. The force at difierent points can be determined by calibrating the 
springs which support the stirrup, and then observing the extension of these 
springs. The author has determined the hysteresis loss in difierent specimens at 
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different indiictiona by this method, the extension of the springs being .observed 
with the aid of a microscope. 

To make this method practical, a simple integrating apparatus is attached to 
the instrument above described, by which the work done is integrated aiitomati- 
callv. A glass disc is connected rigidly to the pulley which moves the solenoid, 
so that, when the pulley rotates, the glass disc rotates in its own plane, w^hieh is 
vertical, the axis of rotation passing through its centre. The motion of the glass 
disc is therefore proportional to the motion of the solenoid. An arm is fastened 
to the stirrup which supports the specimen, and extends up to the glass disc. 
This arm supports a graduated steel disc, which is free to rotate in its own plane 
about a vertical axis through its centre. This steel disc presses lightly on the 
glass disc, the point of contact being at the centre of the glass disc. When the 
solenoid is moved up, the specimen is attracted down, taking the stirrup with it. 
This causes the steel disc to recede from the centre of the glass disc. A motion of 
rotation is then communicated to it by the glass disc, the speed of rotation 
depending on its distance from the centre; sinci' its distance from the centre at 
any instant is proportional to the attracting force, nnd the motion of the glass 
disc is proportional to the motion of the sohmoid, the speed of rotation of the disc 
is proportional to the work being done at that instant. The total amount of 
rotation is therefore proportional to the total work done. Consequently all that 
is necessary to test a specimen witli this instrument is to place the specimen in the 
stirrup, move the solenoid up and down to get the specimen in a cyclic state, then 
take it through a cycle, and observe the amount of rotation communicated to the 
steel disc. This is a direct measure of the work expended. 

Tlie constant of the instrument is determined by placing a known weight in 
the stirrup, and observing the amount of rotation communicated to the disc when 
the solenoid is moved througli a known distance. 

The specimen may be taken through a number of cycles and the readings 
allowed to accumulate. The average of a number of cycles is thus obtained. 


5. A Method of Investigatimj the Variation of the Magnetic Qualities 
of Iron xcitli Temperature, By F. H. Pitcher, M. A. Sc. ^ Demonstrator 
of PhysicSf Me (rill Universifyy Montreal. 

[Communicated by Plofcs^o^ H. L. Cai.lendak, M.A., F.R.S ] 

Owing to tlio apparent lack of exact knowledge on the subject of the variation 
of liysteri'sis in iron with temperature, nnd as it is of some importance in the work- 
ing of transformers, it was thouglit well to investigate the subject further. 

At the same time it was intended to repeat the experiments of Hopkinson and 
others on magnetism at high temperatures, by a different method and with higher 
fields. For this purpose a new method, devised by Professor Callendar, was 
employed. 

Description of the Method, 

The specimen of iron in question wuis in the form of a wire, and was tested by 
the direct magnetometric method iir the broad side-on position. The first intention 
was to insulate the specimen in a small* and* very thin* platinum tube, heated by 
having a current passed throngli it. The temperature of the specimen was to be 
inferred from the resistance of the platinum tube over the length occupied by the 
iron wire specimen. The resistance was to be measured by the fall of potential 
between the terminals of very fine platinum wire leads, attached to the platinum 
tube at the ends of the above length. 

In this way, if the tube were made considerably longer than the wire, the 
middle portion occupied by the wire would be very uniformly heated, and very 
exact values of the mean temperature could be obtained. The slack of the 
platinum tube when heated was arranged to bo taken up by copper springs. To 
prevent oxidation of the iron wire specimen, and at the same time to promote a 
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steady temperature throughout the length of the platinum tube, the whole was 
inclosed in a vacuum tube. The vacuum was maintained by a five-fall Sprengel 
pump, which was kept running during the experiment and was assisted by a water- 
pump in the early stages of exhausting the tube. 

With this method in view, a platinum tube was constructed from a strip of 
foil 20 cm. long, 2’95 cm. wide, and 0*00264 cm. thick. It was rolled around a 
mandrel 0*438 cm. diam., and after annealing kept its dimensions without necessi- 
tating binding wires. The fine platinum leads were attached by winding their 
ends once around the tube and twisting up tight. A specimen of iron wire was 
threaded through mica wads of the same diameter as the mandrel, and slipped 
into position inside the platinum tube. The ends of the platinum tube were bound 
with bare copper wire to J 0 copper rods, and the whole carefully centred in a 
glass tube. 

The tube was exhausted, and a preliminary test for uniformity of heating made 
before placing it in the solenoid. It was seen to be heated very uniformly up to 
2 cm. from each end. The apparatus was then fixed in position in the solenoid, 
and the whole placed in position with respect to the magnetometer. It was found, 
however, that platinum tubes constructed in this manner from thin foil would not 
stand at high temperatures. Two others were tried, which, on account of not 
having thicker foil of sufficient length, had to be constructed out of foil of one-half 
the thickness — one being wound three times around the mandrel and the other five 
times. These shared the same fate as the first one, giving way in circular cracks 
running sometimes over one-half the width* of the foil. 

The initial extension of the copper springs was not more than 2 mm. in any 
case, and the ends of the tubes made as square as possible so as to equalise the 
tension. This method was therefore abandoned until drawn tubes of suitable 
thickness could be obtained. In the meantime the platinum tube was replaced by 
the iron wire specimen itself, and in this way observations were obtained, and, by 
making the specimen its own thermometer, very e.xact values of its temperature 
could be obtained. 

By heating the specimen in this manner there would be a strong circular field 
due to the heating current. The curves plotted from the temperature and magneto- 
meter readings would therefore have to be corrected for this circular magnetism. 
This was effected in the maimer explained, which, however, limited the temperature 
to which the wire could he raised. A set of observations was taken with the 
specimen in air and another in a high vacuum. The true magnetic behaviour of 
the iron with temperature could then be obtained from these two sets. 

Description of Ajyparatns, 

The Solenoid , — The magnetising coil as made in the laboratory was wound on 
a brass tube about 70 cm. long and having an outside diameter of 2*23 cm. The 
tube was fairly straight, and previous to winding was filed up and polished in a 
lathe and then carefully lacquered. 

Winding . — 

Length of winding 60 26 cm. 

Depth „ (4 layers double silk covered % 24 B. and S.) 0 246 „ 

Whole number of turns 4079 0 „ 

Total resistance 28*1 „ 

This winding was fed on by hand in a lathe and was very fairly uniform. Each 
layer was carefully paraffined before winding the next. The insulation resistance 
when finished, as tested on 100 volts, was over a megohm. The winding was 
backed up at the ends by square ebonite washers which were fixed to the tube by 
brass set screws. 

The Water-circulation , — A water-circulation was arranged for dissipating the 
heat when large magnetising forces were used, A thin brass tube was chosen, so- 
that if it were slipped into the solenoid tube the annular space between them 
would be about 2 mm. The smaller tube was centred by brass rings fitted at the 
ends to the annular space between the tubes. The joint was made tight by solder- 
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ing. The water- circulation was effected by two small brass tubes, about 0*75 cm. 
diameter, entering laterally through the solenoid tube beyond the ebonite end into 
the spaces between the tubes. 

Combined Oalmnometer and Magnetotneter . — This instrument was simply a 
mirror galvanometer, mounted on levelling screws, and with two coils of copper 
wire fitted closely on each side of the needle. The instrument was made fairly 
dead beat by employing a large thin aluminium vane, just fitting the needle 
chamber, to carry the mirror and needle. The resistance of the coils was found to 
be 100*3 ohms at 18°*7 C. It was used for measuring currents and resistances by 
the fall of potential method. The direct effect of the solenoid was balanced in the 
usual way oy a balancing coil. 

The Mounting for the Iron IFire Specimen . — The iron wire specimen was 
26*1 cm. long and 0*127 cm. diam. Its ends were fused to copper wires 10*5 cm. 
long and 0*40 cm. diam., an arrangement intended to conduce to a constant tem- 
perature throughout the length of the iron wire when the heating current was 
passed through the circuits, The ends of the copper wire were riveted and tin- 
soldered to two Jt 0 B. & S. copper rods, which were brought out at both ends of the 
containing tube. The rods were at about C cm. from their inside ends, and copper 
.springs, 3 strands % 18 B. & S., wound oppositely, were introduced to take up the 
slack of the specimen and copper wires when heated. The springs fitted the inclosing 
glass tube fairly well, but better centring was obtained by brass washers soldered 
on the 6 cm. segments at about 5 cm. apart and turned up to fit the tube. 

Two fine platinum wires, for potential leads, were attached at 16 cm. apart to 
the iron wire specimen. They were brought out in glass capillary tubes running 
through diametrically opposite holes in the washers and inside the springs to one 
end of the glass containing tube. The ends of the capillary tubes were allowed to 
protrude about 5 cm. beyond the containing tube, and were fused at both ends to 
the platinum wires. 

The diameter of the platinum leads w^as O'OOo cm. ; total length, 98’0 cm. ; 
resistance, 8'00 ohms. 

The glass containing tube was made tight at the ends in the following manner. 
At the end where the capillary tulx^s were brought out a large brass cup, 2 cm. 
deep and 2 cm. internal diameter, drilled through the bottom to fit the rod and 
capillary tubes, was threaded over into position and soldered to the rod. This 
tube just fitted the inner solenoid tube, and had an internal diameter 
of about 1'27 cm. It was slipped over the apparatus till its end reached the 
bottom of the cup. Tlie cup was then filled with melted fusible alloy, and to 
make tightness doubly sure a mixture of beeswax and resin was run around all the 
joints. The other end of the glass tube was drawn down so as nearly to fit the 
copper rod, and a similar but, on account of having to go through the solenoid 
tube, smaller cup soldered to the rod, after putting a small initial extension of 
about 2 mm. in the springs. 

The seal was made in the same way as before. The connection to the pump 
was made by means of a small copper tube entering through the bottom of the 
brass cut) and sweated in with solder. It was bent up at a right angle to facilitate 
a mercury immersion joint. The length of glass tube between the cups was 
61 cm., which was about 2 cm. longer than the inner brass tube of the solenoid. 

When the apparatus was in place so that the specimen was symmetrical with 
respect to the solenoid, the small brass cup was just at the end of the inner solenoid 
tube. Three brass set screws, ranged symmetrically, were tapped through this end 
of the solenoid tube and screwed down hard on the cup. At the other end of the 
solenoid tube a brass binding screw was soldered. This, with a similar screw on 
the adjacent end of the copper rod, formed the heating current terminals. By 
making the heating current return around itself in this way, its direct effect on the 
magnetometer was minimised. 

A compressed fibre block was screwed to the copper rod near the ends of the 
capillary tubes, and vertical holes drilled side by side in it, to form mercury cups 
for the platinum leads. Twin wire leads of approximately equal resistances were 
brought from the terminals of the standard resistances in the magnetising and 
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heating current circuits, together with a similar pair from the mercury cups at the 
ends of the platinum potential leads, to three pairs of mercury cups on the table 
near the telescope and scale. The readings for magnetising current, heating 
current, and E.M.F. over the specimen could be very conveniently and quickly 
obtained by dipping the ends of the galvanometer leads into each pair of cups in 
turn. 


TUESDAY, AUGUST 24. 

The following Papers were read 

1. Some Tests on the Variation of the Constants of Electricity Supply 
Meters ivith Temperature and ivith Cnrrents, By G. W. D. Ricks. 

2. Roller Bearings. By W. B. Marshall. 


3. Analysis of Speed Trials of Ships. 

By W. G. Walker, M.Inst.M.E., A.MJnst.C.E. 

Only about 50 per cent, of the indicated horse-power of the engines of a ship is 
absorbed in actually propelling the vessel, the other half being wasted in the fric- 
tion of the machinery and the resistance and slip of the propeller. The indicated 
horse-power developed by the engines may be divided into the following five con- 
stituent parts : — 

1 . The power necessary to overcome the fi’iction of the unloaded engines. 

2. The power to overcome the friction due to the working load. 

3. The power to overcome the skin friction of the propeller blades. 

4. The power expended in the slip of the propeller. 

5. The power necessary for the propulsion of the vessel. 

The power necessary for the propulsion of the vessel can bo subdivided into 
two parts. 

1. The power required to overcome the skin friction of the ship. 

2. The power due to the formation of waves. 

The author had carried out a series of progressive speed trials on a river steamer 
SO feet long. The steam pressure necessary to overcome the friction of the un- 
loaded engine was equal to about 0 lb. per square inch. The friction due to 
svorking load was taken at 74 per cent, of the net power, the net power being 
obtained by subtracting friction of unloaded engine from the total power, the blade 
riction was taken at -46 lb. per s<|uare foot of blade surface when moving in its 
lelical path at a velocity of 10 feet per second, and for other speeds in the ratio of 
.he square of those speeds to the square of 10, If the first three quantities are 
(ubtracted from the indicated horse-power there remains a quantity the sum of the 
lower spent in the action and reaction of the propeller ; from this remainder was 
lubtracted the slip, and the final remainder was the power required to propel the 
i^essel. This final power divided by the net power is a measure of the eliiciency of 
he screw. Taking the results for speed of vessels at seven miles per hour, which 
vas the working speed we have, initial friction equals 15 per cent, of the I.II.P., 
riction of load 6 per cent, of friction of screw 3‘4 per cent, of I.H.P., 

slip of screw 25 per cent, of I.II.P., propulsion 50 per cent, of I.II.P., skin friction 
)f vessel 27 percent, of I.II.P., power lost in wave formation 23 per cent, of I.II.P. 
The general shape of the efficiency curve of the propeller is almost the same for all 
icrews ; being zero at zero speed, it rises to a maximum at a certain speed, and 
ifterwards falls off with further increase of speed. The object is to design a pro- 
peller so that its maximum efficiency occurs at the working speed of the vessel. 
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Having carried out a progressive series of experiments on a steamer, it becomes an 
easy matter to modify the design of the existing propeller so that its maxiniiin> 
efiiciency shall occur at the working speed of the ship. The maximum efficiency 
of a screw-propeller is about 70 per cent. ; in the experiment carried out, it wa& 
70 per cent, at 4 miles per hour, and 50 at 7 miles per hour. 


4. .1 Modern Power (/as Plant Working in a Textile Factory, 
By H. Allen. 


5. Effect of Temperature in Varying the Resistance to hnpact^ the 
IlardnesSj and the Tensile Strength of Metals. By A. Macpiiail. 



768 


REPORT — 1897. 


Section H.— ANTHROPOLOGY. 

President op the Section — Sir William Turner, M.B., LL.D,, B.C.L , 
F.R.S., F.R.S.E. 


The President delivered the following Address on Friday, August 20 

Some Distinctive Characters of Human Structure. 

When the British Association for the Advancement of Sciences held its first 
'Canadian meeting at Montreal in 1884, the subject of Anthropology, or tlu‘ 
♦Science of Man, attained on that occasion for the first time the rank of an 
independent Section. 

It was presided over by the accomplished writer and learned anthropologist 
Dr. E. B. Tylor, who selected as the subject-matter of liis opening address several 
prominent questions in Anthropology, with special reference to their American 
aspects. For example, the question of the presence of a stone age in America ; 
whether the aborigines are the descendants and representatives of man of t-he post- 
glacial period ; the question of the Asiatic origin of the American Indians, and the 
arguments derived from anatomical structure, language, and social framework, 
bearing upon this theory. The traces of Asiatic intluence in the picture writings 
of the Aztecs, correspondences in the calendar cycles of Mexico and Central 
America with tliose ot Eastern Asia, and the common use of certain games of 
chance were also referred to. 

It is not my intention, even had I possessed the requisite knowledge, to enlarge 
on tlie topics so ably discussed by my eminent predecessor. As my own studies 
have been more especially directed to the physical side of Anthropology, rather 
than to its arclimological, historical, philological, moral and social departments, i 
naturally prefer to call your attention to those aspects of the subject which have 
from time to time come within the range of my personal cognizance. I have selected 
as the subject of my address ‘Some Distinctive Characters of Human Structure.’ 

When we look at man and contrast his form and appearance with other 
vertebrate creatures, the first thing probably to strike us is his capability of 
assuming an attitude, which we distinguish by the distinctive term, the erect 
attitude. In this position the head is balanced on the summit of the spine, the 
lower limbs arc elongated into two columns of support for standing on tw'o feet, or 
for walking, so that man’s body is perpendicular to the surface on which he stands 
or moves, and his mode of progression is bipedal. As a consequence of this, two 
of his limbs, the arms, are liberated from locomotor functions ; they acquire great 
freedom and range of movement at the shoulder-joint, as well as considerable move- 
ment at the elbow and between the two bones of the forearm ; the hands also are 
modified to serve as organs of prehension, which minister to the purposes of his higher 
intelligence. The erect position constitutes a striking contrast to the attitude 
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assumed by fish, amphibia, and reptiles when at rest or moving, in which verte- 
brates the body is horizontal and more or less parallel to the surface on which 
they move. Birds, although far removed from the erect attitude, yet show a 
closer approximation to it than the lower vertebrates or even the quadrupedal 
mammals. But of all vertebrates, those which most nearly approximate to man 
in the position assumed by the body when standing and walking are the higher 
apes. 

The various adaptations of structure in the trunk, limbs, head, and brain 
which conduce to give man this characteristic attitude are essential parts of his 
bodily organisation, and constitute the structural test which one employs in 
answering the question whether a particular organism is or is not human. 

These adaptations of parts are not mere random arrangements, made at hap- 
hazard aiid without a common purpose ; but are correlated and harmonised so as 
to produce a being capable of taking a distinctive position in the universe, superior 
to that which any other organism can possibly assume. If we could imagine a fish, 
a reptile, or a quadruped to be provided with as highly developed a brain as man 
possesses, the horizontal attitude of these animals would efiectually impede its full 
and proper use, so that it would be of but little advantage to them. It is essential, 
therefore, for the discharge of the higher faculties of man, that the human brain 
should be conjoined with the erect attitude of the body. The passage of a verte- 
brate organism from the horizontal position, say of a fish, in which the back, with 
its contained spinal column, is uppermost, and the head is in front, to the vertical 
or erect position of a man, in which the back, with its contained spinal column, is- 
behiud, and the head is uppermost, may be taken as expressing the full range and 
limit of evolution, so far as the attitude is concerned, oi which such an organism is- 
capable. Any further revolution of the body, as in the backward direction, would 
throw the back downwards, the head backwards, and would constitute a degrada- 
tion. It would not be an advance in the adaptation of structure to the duties to be- 
discharged, but rather an approach to the relation of parts existing so generally 
in invertebrate organisms. 

At an early period in the evolution of the human mind and intelligence an 
anthropomorphic conception of the Deity arose, to whom were ascribed the posses- 
sion of the bodily form and attitude of man, and even human affections and 
passions. This idea took so firm possession of the imagination that, in the course 
of time, it obtained objective expression in the statues of ancient Greece and Home 
and in the masterpieces of Christian art. In one of the most ancient of all books, 
in which is embodied the conception entertained by the Jewish writers of the 
Genesis of the world, and of all creatures that have life, we read that ‘ God created 
man in his own image, in the image of God created he him, male and female 
created he them.’ By the association, therefore, of the human form with the idea, 
of Deity, there was naturally present in the minds of these writers, although not 
expressed in precise anatomical language, a full recognition of the dignity of the- 
humaii body, of its superiority to that of all other creatures, and that the human 
form was the crown and glory of all organic nature. 

This conception of the dignity of man in nature is not confined to those writings 
which wo are accustomed to call sacred. The immortal Greek philosopher and 
naturalist, Aristotle, in his treatise ‘ On the Parts of Animals,’ composed at least 
three hundred years b.c., refers more than once to the erect attitude of man, and 
associates it with his * God-like nature and God-like essence.’ In the second 
century of our present era lived another Greek author, Claudius Galen, whose 
■writings exercised for many centuries a dominating influence in medicine and 
anatomy, comparable to that wielded by Aristotle in philosophy. Although Galen, 
as has been shown by Vesalius and other subsequent anatomists, was often incorrect 
in his descriptions of the internal parts of the human body, doubtless because hia 
Opportunities of dissection were so scanty, he had attained a correct conception of 
the perfection of its external form, and he thoroughly understood that in its con- 
struction it was admirably fitted for the sentient and intelligent principle which 
animated it, and of which it was merely the organ. In his treatise on the use of 
the various parts of the body be associates the hand with the exercise of the gift 
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of reason in man, and he speaks of it as an instrument applicable to every art and 
occasion, as well of peace as of war. It is, he says, the best constructed of all 
prehensile organs, and he gives a careful description of how both the hand as a whole 
and the individual digits, more especially the thumb, are brought into use in the 
act of grasping.^ Galen does not indeed enter into the minute anatomical details 
which have been emphasised by more recent writers on the subject, but by none 
of these has the use of the hand and its association with man’s higher intelligence 
been more clearly and more eloquently expressed than by the Greek physician and 
philosopher seventeen centuries ago. 

By the publication in 1869 of Charles Darwin’s evor-memorable treatise ‘ On 
the Origin of Species,’ an enormous impulse was given to the study of the anatomy 
of man in comparison with the lower animals, more especially with the apes. By 
many anatomists the study was pursued with the view of pointing out the 
resemblances in structure between men and apes ; by a more limited number to 
show wherein they did not correspond. I well remember a course of lectures 
on the comparative characters of man delivered thirty-five years ago by my old 
master, Professor John Goodsir, in which, when speaking of the hand of man and 
apes, he dwelt upon sundry features of difference between them.^ The human 
hand, he said, is the only one which possesses a thumb capable of a free and 
complete movement of opposition. It may be hollowed into a cup and it can 
grasp a sphere. It is an instrument of manipulation co-extensive with human 
activity. The ape’s hand again is an imperfect hand, with a short and feeble 
thumb, and with other clearly defined points of difference and inferiority to that 
of man. It can embrace a cylinder, as the branch of a tree, and is principally 
subservient to the arboreal habits of the animal. Its fingers grasp the cylinder in 
a series of spirals. 

Here then is an important difference in the manipulative arrangements of the 
two hands, the advantage being with the hand of man, in regard to the greater 
variety of movement and adaptability, to co-ordinate it with his reasoning 
faculties. As showing the acuteness of perception of Galen and his complete 
recognition of a fundamental feature of the human hand, he also dwells on the 
hand being able to form a circle around a sphere, so as to grasp it on every side, 
and to touch it with every part of itself, whilst it can also securely hold objects that 
possess plane or concave surfaces. So impressed was the old Greek writer with 
the fitness of the hand to discharge the duties imposed on it by the higher intelli- 
gence of man that, pagan though he was, he regarded its construction as evidence 
of design in nature, and as a sincere hymn to the praise and honour of the Deity. 

It is not my intention to dwell upon the multitudinous details of those features 
of structure which distinguish man from other vertebrates, for these ha^fo been 
considered and described by numerous writers. The leading structural differentim 
constitute the merest commonplaces of the human anatomist, and are already 
sufficiently imprinted on the popular mind. But it may not be out of place to 
refer to certain aspects of the subject which are not so generally known, and 
the significance of which has been brought into greater prominence by recent 
researches. 

If we compare the new-born infant with the young of vertebrates generally, 
we find a striking difference in its capability of immediately assuming the 
characteristic attitude of the species. A fish takes its natural posture and 
moves freely in its element as soon as it is hatched. A chicken can stand 
and walk when it is liberated from the egg, though, from its wings not 
being developed, it is not at once able to fly. A lamb or calf can assume 
the quadrupedal position a few minutes after its birth. But, as we all know, 
the infant is the most helpless of all young vertebrates, and is months before it 
can stand on two feet and move freely on them. During the period of transition. 


’ See passages translated in Dr, Kidd’s Bridgewater Treatise, and Dr, J. 

Finlayson’s Essay on Galen, Glasgow, 1896 . 

* ‘ On the Dignity of the Human Body,’ in Anatomical Memoir by John Goodsir, 
vol. i. p. 238, Edinburgh, 1868. 
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from the stage of absolute dependence on others to the acquisition of the power of 
bipedal progression, important modifications in the structural arrangements both 
of the spine and lower limbs have to take place. At the time of l^irth the infant’s 
spinal column exhibits only two curves ; one, corresponding to the true vertebrae, 
extends from the upper end of the neck to the lowest lumbar vertebra, and the 
concavity of its curve is directed forwards ; the other and shorter corresponds to 
the sacro -coccygeal region and also has its concavity directed forwards. In the 
number and character of the curves, the new-born infant differs materially from 
the adult man, in whose spine, instead of one continuous curve from the neck to 
the sacrum, there are alternating curves, one convex forwards in the region of the 
neck, succeeded by one concave forwards in the region of the chest vertebr®, 
which again is succeeded by a marked convexity forwards in the vertebrae of the 
loins. The sacro-coccygeal region continues to retain the forward concavity of the 
new-born child. The formation and preservation of this alternating series of 
curves is associated with the assumption of the erect attitude, and the development 
of the lumbar convexity is correlated with the straightening of the lower limbs 
when the child begins to walk.^ 

When the child is born, the curvature of its spine in the dorso-lumbar region 
approximates to that of an ordinary quadruped in which there is no lumbar con- 
vexity, so that the spine in that region presents one continuous curve concave 
forwards. For some time after its birth the infant retains the quadrupedal 
character of the spinal curve in the dorso-lumbar region, and, as it acquires nervous 
und muscular power and capability of independent movement, its mode of pro- 
gression in the early months by creeping on hands and knees approximates to that 
of the quadruped. It is only after it has attained the age of from a year to sixteen 
months that it can erect its trunk, completely extend the hip and knee joints, and 
draw the log into line with the thigh, so as to form a column of support, which 
enables it to stand or move about on two feet. 1 fence there is this great diflference 
between the young of a quadruped and that of a man, that whilst the former is 
born with the dorso-lumbar curve proper to its attitude, and which it retains 
throughout life, the child does not possess, either when born, or for some months 
after its birth, the characteristic spinal curves of the man. These curves are there- 
fore secondary in their production; they are acquired after birth, and are not 
imprinted on the human spine from the beginning, though the capability of 
acquiring them at the proper time is a fundamental attribute of the human 
organism.^ 

It has sometimes been assumed that the acquisition of the erect attitude by the 
young child is due to the fostering care of the mother or nurse ; that it is a matter 
of training, encouragement and education, without which tho child would not 
raise itself upon its feet. I cannot, however, agree with this opinion. If one 
could conceive an infant so circumstanced that, though duly provided with food 
fitted for its nutrition and growth, it should never receive any aid or instruction in 
its mode of progression, there can, I think, be little doubt that when it had gained 
sufficient strength it would of itself acquire the erect attitude. The greater growth 
in length of the lower limbs, as compared with the upper, would render it incon- 
venient to retain the creeping or the quadrupedal position. 

We cannot lose sight of the important intlueiice which, altogether independent 
of education, is exercised by parents on their offspring. Tho transmission of 
hereditary qualities, through the germ from which each individual organism is 
derived, is one of the fundamental and most striking properties of the germ plasm. 
Characters and peculiarities which appertain not only to the family of which the 
individual is a member, but also to the species to which he belongs, are conveyed 
through it from one generation to another. Hence, as the capability of assuming 
the erect attitude and of thus standing and moving on two feet have been attri- 


' Professor Cleland, in Meports of Jiritish AssocAatioriy 186.S, p. 112. 

2 In his work on the Origin and Progress of Language (vol. i. p. 173, Edinburgh, 
1773), Lord Monboddo held that the erect position in man is an acquired habit, and, 
like speech, is acquired with difficulty and as the result of training. 
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bates of the human form from its beginning, tliere can be little doubt that this 
power is potential in the human organism at the time of birth, and only requires a. 
further development of the nervous and muscular systems to become a reality,, 
without the aid of any special training. 

The spinal column in the region of the true vertebrae consists of numerous bones 
jointed together, and with discs of soft fibro-cartilage interposed between and 
connecting tlie bodies of adjoining vertebrae with each other. It is to their 
presence that the spinal column owes its flexibility and elasticity. These discs 
are larger and thicker in the region of the loins, where the lumbar convexity is 
situated, than in other parts of the column, and there can be no doubt that the 
acquisition of this convexity is intimately associated with the presence of these 
discs. 

It is a matter for observation and consideration to what extent the bodies of 
the vertebrae contribute to the production of this curve. A few years ago Professor 
Cunningham, of Dublin,* and I * undertook much about the same time researches 
into the form and dimensions of the bodies of these bones. Our observations were 
made independently of each other and on two different series of skeletons, and as 
we arrived at practically the same conclusions, we may, I think, infer that, in their 
main features at least, these conclusions are correct. 

The method followed in the investigation was to measure the diameter from* 
above downwards of the body of each of the five lumbar vertebrm, both in front 
and behind. If the upper and lower surfaces of the bodies of the vertebrae were 
parallel to each other, it is obvious that, so far as they are concerned, the column 
formed by them would be straight, as is the case in a column built of hewn stones 
possessing similar parallel surfaces. But if the surfaces are not parallel the body 
of the vertebra is wedge-shaped ; should the front of the collective series of bones' 
have a greater vertical diameter than the back, it is equally obvious that the 
column would not be straight, but curved, and with the convexity forwards. From 
the examination of a considerable number of spinal columns of Europeans, we found' 
that, although the vertical diameter of the bodies of the two highest vertebrae was 
greater behind than in front, in the two lowest the anterior vertical diameter 
so greatly preponderated over the posterior that the anterior vertical diameter of 
the bodies of the entire series of lumbar vertebrae in each spine was collectively 
greater than the corresponding diameter of the posterior surface. In twelve 
European skeletons I observed that the mean difference was between 6 and 6 mm. 
in favour of the anterior surface. If we are to regard the collective vertical 
diameter anteriorly of the five bones as equal to 100, the same diameter posteriorly 
is only eq^ual to 00, which may be regarded as the lumbar index in Europeans.. 
Dr. Cunningham obtained a similar index from the examination of a much larger 
number of European skeletons, and he further showed that in women the lumbar 
convexity forwards is more pronounced than in men. It follows therefore, from 
these observations, that when the broad end of the wedge-shaped bodies is in front 
the bones themselves would by their form give a forward convexity to the spine in 
the lumbar region. But a similar wedge-shaped form is also possessed by the 
lower intervertebral discs in this region, and especially by that interposed between 
the last lumbar vertebra and the sacrum. Hence it follows that both vertebral 
bodies and intervertebral discs contribute in the white races to the production of 
the lumbar convexity. 

When we pass to the examination of the corresponding region in the spines of 
those races of men that we are accustomed to call lower races, we find a remarkable 
and important difference. Let us take as a characteristic example of a lower race 
the aborigines of Australia. In their skeletons our observations have proved, that 
the vertical diameter of the bodies of the five lumbar vertebrm was collectively 
deeper behind than in front. In my series of skeletons the mean difterence was 
between 6 and 7 mm. in favour of the posterior surface, so that they possessed the 
opposite condition to that which prevails in Europeans. Hence if the spine had 

* ‘ The Lumbar Curve in Man and the Apes,’ Cunningham, Memoirs of tl e Iloyal 
Irish Academy^ Dublin, 1886. 

* ‘ Report on Human Skeletons,’ Challenger Jteports^ Part XLVII., 1886. 
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been constructed of vertebrae only, instead of a lumbar convexity, the column would 
have possessed a forward concavity in that region. For this character, as shown 
in the skeleton only, I have suggested the descriptive term * Koilorachic/ 

We know, however, that elastic discs are intercalated between the bodies of the 
osseous vertebrae in the black races as well as in Europeans. It is necessary, 
therefore, to examine their spinal columns, when the intervertebral discos are in 
position, in order to obtain a proper conception of the character of the curve in the 
living man. 

A few years ago Professor Cunningham had the opportunity of studying the 
spinal column of an aboriginal Australian,^ in which the intervertebral discs had 
been preserved in their proper position, in relation to the bones, without losing their 
flexibility, or their natural shape and thickness, lie found that, whilst the bodies 
of the lumbar vertebrso were longer than in Europeans, the proportion of inter- 
vertebral disc to vertebral body was distinctly less, so that the disc appeared to be 
reduced in depth, in relation to the greater vertical diameter of the vertebral body. 
Notwithstanding this difference, as compared with the white man, the Australian 
^pine had a marked lumbar convexity which showed no material difference from 
that seen in Europeans. As the lumbar curve was not due to the wedge-shaped 
form of the bodies of the vertebrae, it was therefore produced solely by the strong 
wedge-shape of the intervertebral discs, and was not, as in Europeans, a product of 
a combination of both these factors. The spinal column, when complete, is not 
therefore koilorachic in the lumbar region. 

The greater vertical diameter of the bodies of the lumbar vertebrae behind than 
in front, as compared with Europeans, is not limited to the Australians, but is 
participated in by other black races, as the now extinct Tasmanians, the Bushmen, 
Andaman Islanders, and Negroes, which, if tested solely by the measurements of 
the skeleton, would also be koilorachic. But in these races intervertebral discs 
are also present, and there can be no doubt that through the compensating 
influence of the wedge-shaped discs, with their deeper ends in front, the lumbar 
curve is in them also convex forwards. It is clear, therefore, that in the black 
races the intervertebral discs play relatively a more important part in the produc- 
tion of the lumbar curve than in Europeans. 

One of the requirements of civilisation is the wearing of clothes, and fashion 
frequently prescribes that they should be tight-fitting and calculated to restrict 
motion in and about the spinal column. In savage races, on the other hand, 
clothing Is often reduced to a minimum, and when worn is so loose and easy as in 
no way to hamper the movements of the body. The spinal column retains there- 
fore in them much more flexibility, and permits the greater measure of freedom in 
fthe movements of the trunk, which is found in savage man, and has often been 
referred to by travellers. 

It used to be considered that the possession of a lumbar convexity in the spinal 
column was the exclusive privilege of man, and was shared in by no other verte- 
brate. There can bo no doubt that it attains a marked development in the human 
spine, and as such is associated with the erect posture. But the observations of 
<Junningbara on the spinal column of apes, more especially the anthropoid group, 
made in fresh specimens, in which the intervertebral discs were in place, have 
proved that in the Chimpanzee the lumbar convexity is probably as strongly pro- 
nounced as in the adult man. In a Chimpanzee, two years old, the development 
is more advanced that in a child of the same age. The lumbar convexity is 
established at an earlier age than in the child, for it would seem as if the Chim- 
panzee attained its maturity at a younger period of life than the human being. 
In the Oraiig the lumbar curve is more feeble than in Man and the Chimpanzee, 
and in the specimen described by Cunningham resembled that of a boy six years 
•old. In a fresh specimen of the Gibbon, examined by the same anatomist, the 
lumbar curve was intermediate between the Chimpanzee and the Orang. 

In 1888, 1 purchased the bones of an adult male Gorilla, in which the vertebrm 

^ Proc. Boy. Soc. London^ January 24, 1889, vol. xlv. ; also sec Journal of Anatomy 
and Phy Biology t vol. xxiv. 1890. 
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were in position and connected topfether by the dried intervertebral discs. Thi» 
condition is of course not so satisfactory, for the study of the spinal curves, as if 
the specimen had been fresh, and with the discs retaining their natural flexibility 
and elasticity, 13ut it was quite obvious that the spine possessed an alternating 
series of convex-concave curves from above downwards. The cervical and lumbar 
convexities, more especially the latter, did not project so far forwards as in man, 
and the dorsal concavity was not so deep. The most projecting part of the lumbar 
convexity was at the junction of the bodies of the third and fourth lumbar verte- 
bra and their intermediate disc. A vertical line drawn downwards from the most 
prominent part of this convexity fell in front of the coccyx. When ])rolonged 
upwards it passed in front of the bodies of the dorsal vertebrae, and intersected the 
body of the sixth cervical vertebra, so that the bodies of the vertebrae, liigher than 
the sixth, were directed obliquely from below upwards and forwards in front of 
the vertical line. 

The dried state of the discs did not enable one to determine precisely the 
proportion in which they entered into the formation of the length of the column, 
but the vertical diameter of the interlumhar and lumbo-sacral discs was obviously 
not as great as in the human spine. On the other hand, the vertical diameter of 
the bodies of the lumbar vertebrae was greater than in man, so that the length of 
the lumbar spine, and possibly its degr(‘e of convexity, were due more to the bodies 
of the vertebra) than to the elastic discs interposed between them. The Gorilla 
corresponds with the Chimpanzee in having longer vertebral bodies and shorter 
intervertebral discs than in man. 

Without going into the question whether a lumbar convexity exists in the 
tailed monkeys, the determination of which with precision is a matter of some 
difiiculty, it must be obvious that the presence of this convexity can no longer bo 
regarded as the exclusive prerogative of man. It undoubtedly forms an important 
factor in the study of the erect attitude; but in order that man should acquire and 
be able to retain bis distinctive posture, something more is necessary than the 
possession of a spinal column with a curve in the lumbar region convex forwards. 

Our attention should now be directed to tlie lower limbs, more especially to 
tbe two segments of the shaft, which wo call thigh and leg. 

If wo look at a quadruped w'e see that the thigh is bent on the trunk at 
the hip joint, and that the log is bent on the thigh at the knee joint; whilst 
the foot forms more or less of an angle with the leg, and the animal walks either 
on the soles of its feet or on its toes. In the Anthropoid apes there is also distinct 
flexure both of the hip and knee joints, so that the log and thigh are set at an 
angle to each other, and tbe foot is modified, through a special development of the 
great toe, into an organ of prehension as well as of support. When we turn to 
the human body we find that in standing erect the leg and thigh are not set at an 
angle to each other, but that the leg is in line with and immediately below tho 
thigh, that both hip and knee joints are fully extended, so that the axis of the 
shaft of the lower limb is practically continuous with the axis of the spine. Tho 
foot is set at right angles to the leg, and the sole is in relation to the ground. Tho 
vertical axis of the shaft of the lower limb, the extended condition of the hip 
and knee joints, and the rectangular position of the foot to the leg are therefore) 
fundamental to the attainment of tho erect attitude of man. 

In narratives of travel by those who have studied the Penguins in their native 
habitats, you may read that these birds may he seen standing on the rocks on the 
coasts which they frequent, in rows, like regiments of soldiers, and the idea has become 
implanted in the minds of many that they can stand erect. Even so accomplished 
a writer and acute a critic as the late Mr. G. II. Lewes thought that the Penguins 
had the vertical attitude when standing, and that some mammals, as the Jerboa 
and Kangaroo, very closely approached to it. The attitude of man was, he con- 
sidered, merely a question of degree, and did not express a cardinal distinction.^ 

In arriving at this conclusion, however, only the external appearance of the 
birds and mammals referred to by him can have been looked at. If the skin and 

* Aristotle, A Chwpter from the History of Science ^ p. 309, London, 1861. 
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flesh be removed, and the arrangement of the constituent parts of the skeleton be 
studied, it will be seen that the axis of the spine in them, instead of being vertical, 
is oblique, and that there is no proper lumbar convexity ; that the hip and knee 
joints, so far from being extended, are bent ; that the thigh is not in the axis of 
the spine, and that the leg, instead of being in a vertical line with the thigh, is set 
at an acute angle to it. The so-called vertical attitude therefore in these 
animals is altogether deceptive. It does not approximate to, and can in no sense 
be looked upon as equivalent to, the erect attitude in man. 

We may now consider what agents come into operation in changing the curve 
of the spine from the concavity forwards, found iir the new-born infant, to the 
alternating series of curves so characteristic of the adult. The production of the 
lumbar convexity is, without doubt, due to structures associated with the spine, 
the pelvis and the lower limbs, whilst the cervical convexity is due to structures 
acting on the spine and the head. 

There can, I think, be little doubt that muscular action plays a large part in the 
production of the cervical and lumbar convexities. The study of the muscles, 
associated with and connected to the spinal column, shows that largo symmetrically 
arranged muscles, many of which are attached to the neural arches and transverse 
])rocesses of the vertebrm, extend longitudinally along the back of the spine, and 
some of them reach the head. On the other hand, those muscles which lie in 
front of the spine, and are attached to the vertebrae, are few in number, and are 
practically limited to the cervical and lumbar regions, in which the spine acquires 
a convexity forwards. 

It has already been pointed out that the formation of tlie lumbar convexity is 
correlated with the power of extending the hip joints and straightening the 
lower limbs. "When these joints are in the position of extension, an important 
pair of muscles called the ‘ psoos,’ which reach from the small trochanter of the femur 
to the bodies and transverse processes of the lumbar vertebrse, are in a state of 
tension. In the act of extending the hip joints so as to raise the body to the erect 
position, the opposite ends of these muscles are drawn asunder, and the muscles are 
stretched and elongated, so that they necessarily exercise traction upon the 
lumbar spine. Owing to its flexibility and elasticity, a forward convexity is in 
course of time produced in it in this region. By repeated efforts the convexity 
becomes fixed and assumes its specific character. 

Along with the changes in the spinal column, a modification also takes place 
in the inclination of the pelvis during the extension of the hip joints and the 
straightening of the lower limbs. The muscle called ‘ iliacus’ is conjoined with 
the psoas at its attachment to the small trochanter, hut instead ol being connected 
to the spinal column by its upper eud, it is attached to the anterior surface of the 
ilium. It exercises traction therefore on that bone, draws it forwards and increases 
the obliquity of the pelvic brim. This in its turn will react on the lumbar spine 
and assist in fixing its convexity. 

By some anatomists great importance has been given to the ^ ilio-femoral band,’ 
situated in the anterior part of the capsular hgament of the hip joint, as causing 
the inclination of the pelvis, and in promoting the lumbar curve. This hand is 
attached hy its opposite ends to the femur and the ilium. As the hip joint is being 
extended, the ends are drawn further apart, the band is made tense, and the iliqm 
might in consequence be drawn upon, so as to afiect the inclination of the pelvis. 
As the ligament has no attachment to the spinal column, it cannot draw directly 
on it, but could only afiect it indirectly through its iliac connections. It can 
therefore, I think, play only a subordinate part in the production of the lumbar 
curve. 

Contemporaneous with the straightening of the lower limbs and the extension 
of the hip joints, the spinal column itself is elevated hy muscles of the back, 
named ‘ erectores spinse,’ which, taking their fixed points below, draw upon the 
vertehrso and ribs and erect the spine. The lumbar convexity is the form of stable 
equilibrium which the flexible spinal column tends to take under the action of 
the muscular forces which pull upon it in front and behind. It is probably due to 
the fact that the average pull, per unit of length, of the psom muscles attached in 
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front is greater than the average pull, per unit of length, of the muscles attached 
behind in the same region. 

The muscles which lie on the hack of the neck and which are attached to the 
occipital part of the skull, wlien brought into action, will necessarily affect 
the position of the head. The new-born infant has no power to raise the head, 
which is bent forward, so that the chin is approximated to the chest. As it 
acquires strength the head becomes raised by the muscles of the back of the neck, 
and the flexible spine in the cervical region loses its primary curve, concave 
forwards, and gradually assumes the cervical convexity. The formation of this 
curve is, I believe, assisted by the anterior recti muscles, the lower ends of which 
are attached to the front of the vertebrse, whilst their upper ends are connected to 
the basi-occipital. In the elevation of the head the opposite ends of the muscles 
are drawn apart, which would exercise a forward traction upon the cervical 
vertebrae. The production of the cervical convexity precedes the formation of the 
lumbar curve, for an infant can raise its head, and take notice of surrounding 
objects, months before it can stand upon its feet. 

We shall now look at the bones in the thigh and leg, which possess characters 
that are distinctively human, and which are associated with the erect posture. 
These characters can be more clearly recognised when the bones are contrasted 
with the corresponding bones of the large Anthropoid apes. 

As compared with the ape, the shaft of the human thigh bone is not so broad 
in relation to its length ; when standing erect the shaft is somewhat more oblique, 
it is more convex forwards and generally more finely modelled, and it has three 
almost equal surfaces, the anterior of which is convex. But, further, a strong ridge 
(linea aspera) extends vertically down its posterior surface ; so that a section 
through the shaft is triangular, with the two anterior angles rounded and the 
posterior prominent. In the Gorilla, Chimpanzee, and Orang, the shaft is flattened 
from before backwards, and the linea aspera is represented by two faint lines, 
separated from each other by an intermediate narrow area. A section through the 
shaft approximates to an ellipse. In the Gibbon the femur is greatly elongated, 
and the shaft is smooth and cylindriform. The linea aspera is for the attachment 
of powerful muscles, which are more closely aggregated in man than in apes, so 
that the human thigh possesses more graceful contours. 

In the human femur the shaft is separated from the neck by a strong anterior 
intertrochanteric ridge, to which is attached the ilio-femoral ligament of the hip 
joint, which, by its strength and tension, plays so important a part in keeping the 
joint extended when the body is erect. In the Anthropoid apes this ridge is faint 
m the Gorilla, and scarcely recognisable in the Orang, Gibbon, and Chimpanzee, and 
the ilio-femoral ligament in them is comparatively feeble. It may safely therefore 
be inferred that in apes, with their semi-erect, crouching attitude, the ilio-femoral 
band is not subjected to, or capable of sustaining, the same strain as in man. 

The head of the thigh bone is also distinctive. In the apes the surface covered 
by cartilage is approximately a sphere, and is considerably more than a hemi- 
sphere. It is sharply differentiated from the neck by a definite boundary, and it 
has a mushroom-like shape. In man the major part of the head is also approxi- 
mately a sphere ; but, in addition, there is an extension outwards of the articular 
area on the anterior surface and upper border of the neck of the bone. The form 
of this extended area diflers from the spherical shape of the head in general. The 
curvature of a normal section of its surface has a much larger radius than the 
curvature of a normal section of the head, near the attachment of the ligamentum 
teres. 

The amount of this extended area varies in different femora, but as a rule it 
is larger and more strongly marked in Europeans than in the femora of some 
savages which I have examined. When the joint is in the erect attitude, the 
area is in contact with the back of the iliac part of the ilio-femoral ligament. It 
provides a cartilaginous surface which, during extension of the joint, is not situated 
in the acetabulum, but, owing to the centre of gravity falling behind the axis of 
movement, is pressed against that ligament, and contributes materially to its 
tension. It is associated with the characteristic position of the human hip' joint in 
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standing, and may be called appropriately the extensor area. When the femur is 
abducted it passes within the acetabulum. The head of the femur in man is not so 
sharply differentiated from the neck as in the Anthropoid apes, especially in the 
region of the extensor articular area. 

Both man and apes possess at the lower end of the femur a trochlear or pulley- 
like surface in front for the patella, and two condyles for the tibia. In the apes 
the trochlea is shallow, and the concave curve from side to side is a segment of an 
approximate circle, with a large radius. In man the trochlea is much deeper, and 
the inner and outer parts of the curve deviate considerably from a circle, and 
are not symmetrical ; the outer part is wider and extends higher on the front of 
the bone than the inner part, whilst the direction of the curve changes towards 
the edges of the trochlea. 

In the apes the articular surface of the inner condyle is very markedly 
larger than that of the outer condyle, both in breadth and in the extent of its 
backward curve, which winds upwards on the posterior part of the condyle, so 
that the articular surface is continued on to its upper aspect. The curve of the 
outer condyle is much sharper, and the condyle does not project so far backwards ; 
its articular surface is not prolonged so high on the back of the bone. In the 
apes, therefore, the inner is the more important condyle in the construction of the 
knee joint, and the marked extension of its articular area backwards and upwards 
is associated with the position and movements of the knee in flexion. In the ape 
the thigh is more rotated outwards than in man, and the inner condyle is directed 
to the front of the limb. 

In man there is not nearly the same disproportion in the size of the two con- 
dyles as in the apes. I have occasionally seen in man the articular area of the 
inner broader than that of the outer condyle, but more usually the outer is appre- 
ciably the wider. The backward curve of the outer condyle is also prolonged 
somewhat higher than that of the inner, and thus the condition of the two con- 
dyles is the reverse of that found in the ape. It should, however, be stated, as has 
been shown by Dr. Havelock Charles,* that in persons who habitually rest in the 
squatting position, an upward extension of the articular area of the inner condyle 
■exists, which is associated with the acute flexion of the knee whilst squatting. 
In man, the outer condyle, when seen in profile, is, as compared with the inner, 
more elongated antero-posteriorly than in the Gorilla. The approximate equality 
in the size of the two condyles in man is, without doubt, associated with the ex- 
tension of the knee joint in the erect attitude, and with the more equable distribu- 
tion of the weight of the body downwards on the head of the tibia. In the ape 
the intercondylar fossa, in relation to the size of the bones, is wider in front than 
in man ; but it is wider behind in man tlian in the ape, for in the latter the inner 
condyle inclines nearer to the outer condyle than in man. 

In man, when the knee joint is extended, the tibia is slightly rotated outwards 
on the femoral condyles, and the joint is fixed, partly by the tension of the lateral 
and posterior ligaments and the anterior crucial ligament, and partly by the gene- 
ral tension of the muscles and fasciie around the joint. So long as these structures 
remain tense, the joint cannot be bent, and no lateral movement, or rotation, is 
permitted. The fixation of the joint is of fundamental importance in the act of 
standing. Free rotation of the human knee can only take place when the joint is 
acutely bent. 

In apes, the joint cannot be fully extended ; its natural position, when the 
animal is standing, is partial flexion, and in this position a limited rotation is per- 
mitted, which can he greatly increased when the joint is more completely bent. 
In rotating the leg on the thigh the inner condyle is apparently the pivot. The 
rotation facilitates the use of the foot as an organ of prehension, and assists the 
ape to turn the sole inwards and forwards when holding an object. These move- 
ments produce results, which approximate to those occasioned by pronation and 
supination of the radius on the ulna, in the movements of the forearm and hand. 

In the Anthropoid apes, the head of the tibia slopes very decidedly backwards 
at the upper end of the shaft, so that its axis forms an angle with that of the shaft, 

* Journal of Anatomy and Physiology, vol. xxviii. 
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and the head may bo described as retroverted. If the shaft of the tibia were held 
vertically, the articular surface for the inner condyle would also slope downwards 
and backwards, and to a greater degree than that for the outer condyle. But in 
the natural semiflexed position of the ape’s knee the condylar articular surfaces of 
the tibia are essentially in the horizontal plane. 

In the human tibia the axis of the head is, as a rule, almost in line with that 
of the shaft, and the backward and downward slope of the inner articular surface 
is not so great as in the ape. In some human tibim, however, well-marked 
retroversion of the head has been seen. In skeletons referred to the Quaternary 
period of the geologist, this character has been noticed by MM. Collignon, 
Fraipont, and Testut, and the inference has been drawn that the men of that period 
could not extend the knee joint and walk as erect as modern man. It has, 
however, been shown by Prolessor Manouvrier ^ and Dr. Havelock Charles ^ that 
this condition of the tibia is not uncommon in some races of men, in whom there 
can be no question that the attitude is erect when standing. Dr. Charles has 
associated the production of retroversion to the liabit in these races of resting on 
the ground in the position of squatting. I have found in the tibia) of the people 
of the Bronze Age that retroversion of the head of the tibia is not uncommon. 
In five specimens the backward slope of the head formed with the vertical axis 
of the shaft an angle which ranged in the several bones from 20° to 30°. But 
when these tibiae were put into the erect position alongside of similarly placed 
modern European bones, the condylar articular surfaces were seen to approximate 
to the horizontal plane in all the specimens. In order, therefore, that retroversion 
of the head of the tibia should be associated with inability to extend the knee 
joint, it is obvious that the articular surfaces should have a marked slope down- 
wards and backwards, as is the case in the Anthropoid apes, when the shaft of the 
tibia is held in a vertical plane. 

1 shall now proceed to the examination of the human foot (pes), and in order 
to bring out more clearly its primary use as an organ of support and progression, 
I shall contrast it with the human hand (manus) and with the manus and pes in 
apes. In man, while standing erect, the arched solo of the foot is directed to tho 
ground, and rests behind on the heel and in front on pads, placed below and in line 
with the metatarso-phalangeal joints, the most important of which is below the 
joint associated with the great toe. It is therefore a plantigrade foot. The great 
toe (hallux) lies parallel to the other toes, and from its size and restricted move- 
ments gives stability to the foot. 

The ape’s foot agrees with that of man in possessing similar bones and almost 
similar soft parts ; but it ditiers materially as to the uses to which it can be 
put. Some apes can undoubtedly place the sole upon the ground, and in this 
position use tho foot both for support and progression ; though the Orang, and to 
some extent other Anthropoid apes, rest frequently upon the outer edge of the foot. 
Jlut in addition these animals can use the foot as a prehensile organ like the hand. 
The old anatomist Tyson, in his description of a young Chimpanzee,^ spoke of tho 
pes as Miker a hand than a foot ’ and introduced the term ^ quadrumanous,’ four- 
handed, to designate this character. This term was adopted by Cuvier and applied 
by him to apes generally, and has long been in popular use. The eminent French 
anatomist was, however, quite alive to the fact that though the pes was capable of 
being used as a hand, yet that it was morphologically a loot, so that the term was 
employed by him to express a physiological character. 

In the ape, the great toe, instead of being parallel to the other toes as in man, 
is set at an angle to them, not unlike the relation which the thumb (pollex) bears 
to the fingers in the human hand. It is able, therefore, to throw the hallux 
across the surface of the sole in the prehensile movement of opposition. As it can 
at the same time bend the other toes towards the sole, it also has the power of 
encircling an object more or less completely with them. By the joint action of 

* Memoir es de la SocUte d'Anthropologie de Paris, 1890. 

- Journal of uinatomy and Physiology y vol. xxviii. 

* Anatomy of a Pygmie, 1699, p. 13. 
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all the toes a powerful grasping organ is produced, more important even than its 
hand, in which the thumb is feebly developed. 

It has sometimes been assumed that the human foot is also a prehensile instru- 
ment as well as an organ of support. In a limited sense objects can undoubtedly 
be grasped by the human toes when bent towards the sole. In savages, this power 
is preserved to an extent which is not possible in civilised man, in whom, owing 
to the cramping, and only too frequently the distorting influence, exercised by 
badly fitting hoots and shoes, the proper devdopment of the functional uses of the 
toes is impeded and their power of independent movement is often destroyed. 

Even in savages who have never worn shoes, the power of grasping objects by 
the toes cannot he regarded as approximately equal iu functional activity and 
usefulness to the range of movement possessed by the ape. The four outer toes 
are so short and comparatively feeble, that they cannot encircle an object of any 
magnitude. But, what is even more important, the great toe cannot be opposed to 
the surface of the sole, in the way that an ape can move its hallux or a man his 
thumb. Savage man can no doubt pick up an object from the ground with the 
great toe. Many of us have doubtless seen, among civilised men, persons who have 
had the misfortune to be born without arms, or who have accidentally lost them 
in early life, who have trained themselves to hold a pen, pencil, brush, or razor 
with the foot, and to write, draw, paint, or even shave. But in these cases the 
object is held between the lialliix and the toe lying next to it, and not grasped 
between the great toe and the sole of the foot by a movement of opposition. 

If we compare the anatomical structure of the human foot with that of the foot 
of the ape, though the bones, joints, and muscles are essentially the same in both, 
important diilereiices in arrangement may be easily recognised, the value of which 
will be better appreciated by lirst glancing at the thumb. Both in man and apes 
the thumb is not tied to the index digit by an intermediate ligament, wliich, under 
the name of ‘ transverse metacarpal,’ binds all the fingers together, and restricts 
their separation from each other in the transverse plane of the hand. The great 
too of the ape, similarly, is not tied to the second toe by a ‘ transverse metatarsal 
ligament,’ such as connects together and restricts the movements of its four outer 
toes in the transverse plane of the foot. The hallux of the ape is therefore set 
free. It can, like the thumb of man and ape, be thrown into the position of 
opposition and be used as a preliensile digit. Very dilforent is the case in the 
human foot, in which the hallux is tied to the second toe by a continuation of iho 
same transverse metatarsal ligament wliich ties the smaller toes together. Hence 
it is impossible to oppose the great too to the surface of the sole in the way in 
which the thumb can be used, and the movements of the digit in the transverse 
plane of the foot are also greatly restricted. 

The dcwelopment of a connecting transvenso band, for the restriction of the 
movements of the great toe in man, is not the only anatomical structure which 
differentiates it from the hallux of an ape, or the thumb in the band. In the 
manus both of man and apes the joint between the metacarpal bone of the thumb 
and the bone of the wrist (trapezium) is concavo-convex, or saddle-shaped, and 
permits of a considerable range of movement in certain directions, and notably the 
movement of opposition. A joint of a similar configuration, permitting similar 
movements, is found in the pes of the ape between the metatarsal of the hallux and 
the tarsal bone with which it articulates. In the foot of man, on the other hand, 
the corresponding joint is not saddle-shaped, hut is almost plane-surfaced, and con- 
sequently the range of movement is slight, and is little more than the gliding of 
one articular surface on the other. 

One of the chief factors in the production of the movement of opposition in the 
manus of man and apes is a special muscle, the opponens pollicis, which, through 
its insertion into the shaft of the metacarpal hone of the thumb, draws the entire 
digit across the surface of the palm. In the foot of the Anthropoid apes there is 
Dot complete correspondence in difierent species in the arrangement of the muscles 
which move the ^reat toe. In the Orang the abductor hallucis, in addition to the 
customary insertion into the phalanx, may give rise to two slips, one of which is 
inserted into the base and proximal part of the first metatarsal bone, and the other 
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into the radial border of its shaft for a limited distance; these slips apparently 
represent an imperfect opponens muscle, which acts along with the adductor and 
short flexor muscle of the great toe. In the other Anthropoid apes, the muscle 
eeems to be altogether absent, and the power of opposition is exercised solely by 
the adductor and the flexor brevis hallucis, the inner head of the latter of which is 
remarkably well developed.^ In the human foot there is no opponens hallucis, 
and the short flexor of the great toe is, in relation to the size of that digit, 
comparatively feeble, so that no special provision is made for a movement of 
opposition. 

The character and direction of the movements of the digits both in hand and 
foot are imprinted on the integument of palm and sole. In the palm of the human 
hand the oblique direction of the movements of the fingers towards the thumb, 
when bent in grasping an object, is shown by the obliquity of the two great grooves 
which cross the palm from the root of the index to the root of the little finger. 
The deep curved groove, extending to the wrist, which marks olf the eminence of 
the ball of the thumb from the rest of the palm, is associated with the opponent 
action of the thumb, which is so marked in man that the tip of the thumb can be 
brought in contact with a large part of the palmar surface of the hand and fingers. 
Faint longitudinal grooves in the palm, situated in a line with the fingers, express 
slight folds which indicate, where the fingers are approximated to or separated 
from each other, in adduction and abduction. In some hands a longitudinal groove 
marks off the muscles of the ball of the little finger from the rest of the palm, and 
is associated with a slight opponent action of that digit ; by the combination of 
which, with a partial opposition of the thumb, the palm can be hollowed into a 
cup — the drinking’Cup ol Diogenes. 

These grooves are present in the infant’s hands at the time of birth, and I have 
seen them in an embryo, the spine and head of which were not more than 90 mm. 
{three and a half inches) long. They appear in the palm months before the infant 
•can put its hand to any use ; though it is possible that the muscles of the 
thumb and fingers do, even in the embryo, exercise some degree of action, especially 
in the direction of flexion. These grooves are not therefore acquired after birth. 
It is a question how far the intra-uterine purposeless movements of the digits are 
sufficient to produce them ; but even should this be the case, it is clear that they 
are to be regarded as hereditary characters transmitted from one generation of 
human beings to another. They are correlated with the movements of the digits, 
which give the functional power and range of movement to the hand of man. 

In the palm of the hand of the Anthropoid apes grooves are also seen, which 
-differ in various respects from those in man, and which are characteristic of the 
group in which they are found. In these animals the palm is traversed by at least 
"two grooves from the index border to that of the minimus. In the Gibbon they 
are oblique, but in the Gorilla, Chimpanzee, and Orang they are almost transverse, 
which implies that in flexion the fingers do not move so obliquely towards the com- 
paratively feeble thumb as they do in man. The curved groove which limits the 
ball of the thumb is present, but on account of the less development of that 
eminence, it is not so extensive as in man. The longitudinal grooves in the palm 
are deeper than in the human hand, and in the Gorilla and Orang a groove 
differentiates the eminence associated with the muscles of the little finger from the 
adjoining part of the palm. The character and direction of these grooves are 
such as one would associate with the hand of an arboreal animal, in which the 
long fingers are the chief dig^its employed in grasping an object more or less 
cylindrical, like the branch of a tree, and in which the thumb is a subordinate 
digit. 1 have not had the opportunity of examining the palm of the embryo 
of an Anthropoid ape, but in that of an embryo Macaque monkey I have seen both 
the groove for the ball of the thumb which marks its opposition, and the transverse 
and longitudinal grooves in the palm which are correlated with the movements of 

* For a comparative desciiption of the muscles of the hand and foot of the 
Anthropoid apes consult Dr. Hepburn’s memoir in Journal of Anatomy and Physiology , 
vol. xxvi. 
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tlie fingers. In apes, tlierefore, as in man, these grooves are not acquired after 
birth, but have an hereditary signification. 

We may now contrast the grooves in the skin of the sole of the human foot 
with those which we have just described in the palm. For this purpose the foot 
of an infant must be selected as well as that of an older person in which the toea^ 
have not been cramped and distorted by ill-fitting shoes.^ 

The toes are marked off from the sole proper by a deep diagonal depression,, 
which corresponds with the plane of flexion of the first and second phalanges. 
Behind this depression, and on the sole proper, is a diagonal groove, which com- 
mences at the cleft between the great and second toes, and reaches the outer border 
of the foot. It is seen in the infant, but disappears as the skin of the foot becomes 
thickened from use and pressure. This grooye marks the plane of flexure of the 
first phalanges on the metatarsal bones of the four smaller toes. Associated with 
its inner end is a short groove which curves to the inner border of the foot, and 
marks off the position of the joint between the first phalanx and the metatarsal 
bone of the great toe. The groove indicates the movements of the great toe in 
flexion, and in adduction to, or abduction from, the second toe. It has sometimes 
erroneously been regarded as the corresponding groove in the foot to the deep 
curved groove in tlie hand, which defines the muscles of the ball of the thumb 
and is associated with the movement of opposition. This is not its real character, 
for the chief joint concerned in opposition is that between the metacarpal bone and- 
the corresponding carpal bone, and not that between the metacarpal bone and 
the phalanx. In addition, one, or it may be two faint grooves run from, 
within outwards near the middle of the sole. In the infant’s foot a groove also 
extends longitudinally in the centre of the foot. The grooves on the integument 
of the sole are in harmony with the inner anatomy of the foot, and confirm the 
statement, already made, that the great toe in man cannot be opposed to the 
sole, as the thumb can to the palm, for the great curved groove expressing the 
movement of opposition is wanting. 

In the apes, the condition of the tegumentary grooves in the sole is very 
different from the human foot. In the Anthropoid group, the ball of the great toe, 
with its muscles, is marked olF by a deep curved groove, which extends from the 
margin of the cleft between it and the second toe, backwards along the middle 
of the sole almost as far as the heel. Its depth and extent are associated with the 
powerful opponent, or grasping action of the hallux. Two other grooves, in front 
of that just descril3ed, pass obliquely across the sole, from the cleft between the 
hallux and the second toe, and reach the outer border of the foot. They are 
associated with the movements of the four smaller toes, and their obliquity shows 
that, when the foot i.s used as a prehensile organ, the object is grasped not only by 
the great toe being moved towards the sole, but by the smaller toes being moved 
towards the hallux. From these arrangements it is obvious that the pes of the 
ape is, physiologically speaking, a foot-hand, it is pedimanous. Though anatomi-* 
cally a foot, it can he used not only for support and progression, hut for prehen- 
sion, and, for the latter-named office, the hallux is a more potent digit in the foot 
than is the pollex in the hand. The external rotation of the thigh at the hip joints 
and the power of rotating the leg inwards on the thigh at the knee joint, contribute 
to make the foot of the ape a more important prehensile instrument, and enable^ 
the animal to use it more efficiently for this purpose when sitting, than would have 
been the case if there had been no contributory movements at the hip and 
knee. 

The power of assuming the erect attitude, the specialisation of the upper limbs- 

* These grooves have been described generally by the late Professor Goodsir 
{Anatomical Memoirs^ vol. i. 1868) ; by myself in a lecture on hands and feet. 
Health Lectures, Edinburgh, 1884 ; and by Mr, Louis Robinson, the last named ofl 
whom has called especial attention to their arrangement in the feet of infants 
{Nineteenth Century, vol. xxxi, 1892, p. 796). The integumentary grooves in both 
hands and feet of men and apes have also been described and figured in detail by 
Dr. Hepburn in Journal of Anat. and Phys., vol xxvii. 1893, p. 112. 



782 


REPORT — 1897. 


into instruments of prehension, and of the lower limbs into columns of support and 
progression, are not in themselves sufficient to give that distinction to the human 
body which we know that it possesses. They must liave co-ordinated with them 
the controlling and directing mechanism placed in the head, known as the brain 
and organs of sense. 

The head, situated at the summit of the spine, holds a commanding position. 
Owing to the joints for articulation with the atlas vertebra being placed on the 
under surface of the skull, and not at the back of the head, and to the great reduc- 
tipn in the size of the jaws, as compared with apes and quadrupeds generally, the 
head is balanced on the top of the spine. The ligaments supporting it and connected 
with it are comparatively feeble, and do not require for their attachment strong 
bony ridges on the skull, or massive projecting processes in the spine, such as one 
finds in apes and many other mammals. The head with the atlas vertebra can be 
rotated about the axis vertebra by appropriate muscles. The face looks to the 
front, the axis of vision is horizontal, and the eyes sweep the horizon with com- 
paratively slight muscular effort. 

The cranial cavity, with its contained brain, is of absolutely greater volume in 
man than in any other vertebrate, except in the elephant and in the large whales, 
in which the huge mass of the body demands the great sensory-motor centres in 
the brain to be of large size. Relatively also to the mass and weight of the body, 
the brain in man may be said to be in general heavier than the brains of the lower 
vertebrates, though it has been stated that some small birds and mammals are 
exceptions to this rule. 

We have abundant evidence of the weight of the brain in Europeans, in whom 
several thousand brains have been tested. In the men, the average brain-weight 
is from 49 to 60 oz. (1,390 to 1,418 grm.). In the women, from 44 to 46 oz. 
(1,243 to 1,283 grm.). The difference in weight is doubtless in part correlated 
with differences in the mass, weight, and stature of the body in the two sexes, 
although it seems questionable if the entire difference is capable of this explana- 
tion. It is interesting to note that even in new-born children the boys have 
bigger heads and heavier brains than the girls. Dr. Boyd gives the average for 
the girl infants as 10 oz., and for boys 11’67 oz. A distinction in the brain 
weight of the two sexes is obviously established, therefore, before the child is born, 
and is not to be accounted for by the training and educational advantages enjoyed 
by the male sex being superior to those of the female sex. 

The brains of a number of men of ability and intellectual distinction have been 
weighed, and ascertained to be from 65 to 60 oz. In a few exceptional cases, as 
ill the brains of Cuvier and Dr. Abercrombie, the weight has been more than GO oz. ; 
but it should also be stated that brains weighing 60 oz. and upwards have occa- 
sionally been obtained from persons who had shown no sign of intellectual eminence. 

On the other band, it lias been pointed out by M. Broca and Dr. Thurnara, 
that if the brain falls below a certain weight it cannot properly discharge its 
functions. They place this minimum weight for civilised people at 37 oz. for the 
men, and 82 oz. for the women. These weights are, I think, too high for savage 
men, more especially in the dwarf races. We may, however, safely assume that if 
the brain-weight in adults does not reach 30 oz. (851 grm.), it is associated with 
idiocy or imbecility. There would seem, therefore, to be a minimum brain-weight, 
which is necessary in order that the mental functions may be actively discharged. 

We have unfortunately not much evidence of the weight of the brain in the 
uncultivated and savage races. The weighings made by Tiedemann, Barkow, 
Reid, and Peacock give the mean of the brain in the negro as between 44 and 
46 oz., a weight which corresponds with that of European women ; whilst in 
the negress the mean weight is less than in the female sex in Europeans. In two 
Bush girls from South Africa — representatives of a dwarf race — the brain is said 
to have been 34 and 38 oz. respectively.^ 

From the weighings which have been published of the brains of the Orang and 

^ Sir R. Quain in Pathological Transactions^ 1850, p. 182, and Messrs. Flower and 
Murie in Journal of Anatomy and Phys., vol. i. p. 206. 
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Chimpanzee, it would seem that the brain-weight in these apes ranges from 11 to 
16 oz. (312 to 426 grm.),and the brain-weight appears to be much about the same 
in the Gorilla. These figures are greatly below those of the human brain, 
even in so degraded a people as the dwarf Bush race of South Africa. They 
closely approximate to the weight of newly born male infants, in whom, as has just 
been stated, the average weight was 11*67 oz. For the purposes of ape-life, the 
low brain-weight is sufficient to enable the animal to perform every function of 
which it is capable. Its muscular and nervous systems are so accurately co-ordi- 
nated that it can move freely from tree to tree, and swing itself to and fro ; it can 
seize and retain objects with great precision, and can search for and procure its 
food. In all these respects it presents a striking contrast to the infant, having an 
almost similar brain-weight, which lies helpless on its mother’s knee. 

Another line of evidence, of which we may avail ourselves, in order to test 
the relative size of the brain in the different races of men and in the large 
apes is to be obtained by determining the internal capacity of the cranium. 
Examples of the brains of different races (except Europeans) are few in number in 
our collections, but the crania are often well represented, the volume of the 
cavity in which the brain is lodged can be obtained from them, and an approximate 
conception of the size and weight of the brain can be estimated. In pursuing this 
line of inquiry, account has of course to be taken of the space occupied by the 
membranes investing the brain, by the blood vessels and the cerebro -spinal fluid. 
A small deduction from the total capacity will have to be made on their behalf. 

There is a general consensus of opinion amongst craniologists that the mean 
internal capacity of the cranium in adult male Europeans is about 1,500 c.c. 
(01-5 cub. in.). The mean capacity of the cranium of fifty Scotsmen that I have 
measured by a method, which I described some years ago,^ was 1,493 c.c. 
(91 T cub. in.). The most capacious of these skulls was 1,770 c.c., and the one 
with the smallest capacity was 1,240 c.c. Thus, in a highly civilised and 
admittedly intellectual people, the range in the volume of the brain-space amongst 
the men was as much as 630 c.c. in the specimens under examination, none of 
which was known or believed to be the skull of an idiot or imbecile, whilst some 
were known to be the crania of persons of education and position. In twenty- 
throe Scotswomen the mean capacity was 1,325 c.c., and the range of variation was 
from a maximum 1,626 to a minimum 1,100 c.c. — viz., 625 c.c. 

Again I have taken the capacity, by the same method, of a number of crania 
of the Australian aborigines, a race incapable apparently of intellectual improve- 
ment beyond their present low state of development. In thirty-nine men the 
mean capacity was only 1,280 c.c. (78T cub. in.). The maximum capacity was 
1,514 c.c., the minimum was 1,044 c.c. The range of variation was 470 c.c. In 
twenty-four women the mean capacity was 1,115*6 c.c., the maximum being 1,240 
and the minimum 030, and the range of variation was 310 c.c. It is noticeable 
that in this series of sixty- three Australian skulls, all of which are in the 
Anatomical Museum of the University of Edinburgh, eight men had a smaller 
capacity than 1,200 c.c., and only four were above 1,400 c.c. Of the women’s skulls 
ten were below 1,100 c.c., four of which were between 900 and 1,000 c.c., and only 
three were 1,200 c.c. and upwards. 

Time does not admit of further detail on the cranial capacities of other races 
of men. Sufficient has been said to show the wide range which prevails, from the 
maximum in the Europeans to the minimum in the Australians, and that amongst 
persons presumably sane and capable of discharging their duties in their respective 
spheres of activity; for we must assume that the crania of the Australians, 
having the small capacities just referred to, were yet sufficiently large for the 
lodgment of brains competent to perform the functions demanded by the life of a 
savage. From a large number of measurements of capacity which I have made of 
the skulls of the principal races of men, I would draw the following conclusions : 
First, that the average cranial capacity, and consequently the volume and weight 
of the brain, are markedly higher in the civilised European than in the savage 
races ; second, that the range of variation is greater in the former than in the 

^ Human Crania, Challenger Jlej)orts, Pt. xxix. 1884, p. 9. 
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latter ; third, that in uncivilised man the proportion of male crania having a 
capacity equal to the European mean, 1,600 c.c., is extremely small; fourth, that 
though the capacity of the men’s skulls is greater than that of the women’s, there 
is not quite the same amount of difference between the sexes in a savage as in a 
civilised race. 

It may now be of interest to say a few words on the capacity of the cranium 
in the large anthropoid apes. I have measured, by the method already referred to, 
the capacity of the skulls of five adult male Gorillas, and obtained a mean of 
494 C.C., the maximum being 690 c.c. and the minimum 410 c.c., the range of 
variation being 180 c.c. Dr. Delisle found the old male Orang (Maurice),^ which 
died a short time ago in the Jardin des Plantes, to have a capacity of 386 c.c., 
whilst the younger male (Max) had a capacity of 470 c.c.^ The mean of eleven 
specimens measured by him was 408 c.c., which is somewhat less than the 
measurements of males recorded by M. Topinard and Dr. Vogt ; but it should be 
stated that in some of Dr. Delisle’s specimens the sex could not be properly dis- 
criminated, and possibly some of them may have been females. The cranial 
capacity of seven male Chimpanzees is stated by M. Topinard to be 421 c.c. 

The determination of the mass and weight of the brain as expressed in ounces, 
and of the capacity of the cranial cavity as expressed in cubic centimetres, are 
only rough methods of comparing brain with brain, either as between difterent 
races of men, or as between men and other mammals. Much finer methods ar& 
needed in order to obtain a more exact comparison. 

The school of Phrenologists represented \ja the first half of the century by Gall, 
Spurzhcim, and George Combe, whilst recognising the importance of the size of 
the brain as a measure of intellectual activity, also attached value to what was 
called its quality. At that time the inner mechanism of the brain w'as almost 
unknown, for the methods had not been discovered by which its minute structure' 
could be determined. It is true that a difference was acknowledged, between the 
cortical grey matter situated on the surface of the hemispheres and the sub- 
jacent white matter. Spurzheim had also succeeded in determining the presence 
of fibres in the white matter of the encephalon, and had, to a slight extent, traced: 
their path. The difference between the smooth surface of the hemispheres of tho 
lower mammals and the convoluted surface of the brain of man and the higher 
mammals, and the influence which the development of the convolutions exorcised 
in increasing the area of the cortical grey matter, were also known. 

A most important step in advance was made, when, through the investigations* 
of liBuret and Gratiolet, it became clear that the convolutions of the cerebrum, 
in their mode of arrangement, were not uniform in the orders of mammals which 
possessed convoluted brains, hut that different patterns existed in the orders 
examined. By his further researches Gratiolet determined that in the anthropoid 
apes, notwithstanding their much smaller brains, the same general plan of arrange- 
ment existed as in man, though differences occurred in many of the details, and 
that the key to unlock the complex arrangements in man was to be obtained by 
the study of the simpler disposition in the apes. These researches have enabled 
anatomists to localise the convolutions and the fissures which separate them from 
each other, and to apply to them precise descriptive terms. These investigationo 
were necessarily preliminary to the histological study of the convolutions, and to 
experimental inquiry into their functions. 

By the employment of the refined histological methods now in use, it has been 
shown that the grey matter in the cortex of the hemispheres, and in other parts of 
the brain, is the seat of enormous numbers of nerve-cells, and that those in the- 
cortex, whilst possessing a characteristic pyramidal shape, present many variations 
in size. Further, that these nerve-cells give origin to nerve axial fibres, through 
which areas in the cortex become connected directly or indirectly, either with 
other areas in the same hemisphere, with parts of the brain and spinal cord 
situated below the cerebrum, with the muscular system, or with the skin and 
other organs of sense, 

* Nouvelles Archives du Museum d'Histoire naturelle^ 1895. 

* The stature of Maurice was 1 m.*40 ; that of Max 1 m.*28. 
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Every nerve-cell, with the nerve axial fibre arising from and belonging to it, 
s now called a Neurone, and both brain and spinal cord are built up of tens of 
thousands of such neurones. It may reasonably be assumed that the larger the 
Drain the more numerous are the neurones which enter into its constitution. The 
Treater the number of the neurones, and the more complete the connections which 
]he several areas have with each other through their axial fibres, the more complex 
becomes the internal mechanism, and the more perfect the structure of the organ. 
We may reasonably assume that this perfection of structure finds its highest 
nanifestations in the brain of civilised men. 

The specialisation in the relations and connections of the axial fibre processes 
Df the neurones, at their termination in particular localities, obviously points to 
\inctional differences in the cortical and other areas, to which these processes 
ixtend. It has now been experimentally demonstrated that the cortex of the 
cerebrum is not, as M. Flourens conceived, of the same physiological value 
.hrougbout ; but that particular functions are localised in definite areas and con- 
I’nlutions. In speaking of localisation of function in the cerebrum, one must not 
be understood as adopting the theory of Gall, that the mental faculties were 
lefinite in their number, that each had its seat in a particular region of the 
iortex, and that the locus of tliis region was marked on the surface of the skull 
ind head by a more or less prominent ‘ bump.’ 

The foundation of a scientific basis for localisation dates from 1870, when 
Fritsch and Ilitzig announced that definite movements followed the application of 
electrical stimulation to definite areas of the cortex in dogs. The indication thus 
^iven was at once seized upon by David Terrier, who explored not only the hemi- 
spheres of dogs, but those of monkeys and other vertebrates.^ By bis researches 
ind those of many subsequent inquirers, of whom amongst our own countrymen 
^ve may especially name Beevor, Horsley, and Schafer, it has now been esta- 
blished that, when the convolutions bounding, and in close proximity to the fissure 
Df Rolando are stimulated, motor reactions in the limbs, trunk, head and face 
follow, which have a definite purposive character, corresponding with the volitional 
movements of the animal. The Kolandic region is therefore regarded as a part of 
the motor apparatus ; it is called the motor area, and the function of exciting 
Toliintary movements is localised in its cortical grey matter. 

By the researches of the same and other inquirers it has been determined that 
certain other convolutions are related to the different forms of sensibility, and are 
sensory or perceptive centres, localised for sight, bearing, taste, smell, and touch. 

Most important observations on the paths of conduction of sensory impressions 
in the cortex of the convolutions were announced last year by Dr. Flechsig,^ of 
Leipzig, so well known by his researches on the development of the tracts of 
nerve-fibres in the columns of the spinal cord, published several years ago. He 
Jiscovered that the nerve-fibres in the cord did not become myelinated, i.e. attain 
their perfect structure, at a uniform period of time, so that some acquired their 
complete functional importance before others. Ho has now applied the same 
method of research to the study of the development of the human brain, and has 
diown that in it also there is a difference in the time of attaining perfect structural 
riovelopment of the nerve-tracts. Further, he has discovered that the nerve-fibres 
in the cerebrum become myelinated, subsequent to the fibres of the other divisions of 
the cerebro-spinal nervous axis. When a child is born, very few of the fibres of its 
cerebrum are myelinated, and we have now an anatomical explanation of the 
reason why an infant has so inactive a brain and is so helpless a creature. It will 
therefore be of especial interest to determine, whether in those animals which are 
active as soon as they are born, and which can at once assume the characteristic 
attitude of the species, the fibres of the cerebrum are completely developed 
at the time of birtb. Flecbsig has also shown that the sensory paths myeli- 
nate before the motor tracts ; that the paths of transmission of touch, and 
the other impulses conducted by the dorsal roots of the spinal nerves, axo 

* West Riding Asylum Reports^ 1873. 

^ IHc Localisation dcr Geistigen Vorgdnge^ Leipsug, 1896. 
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the first to become completely formed, whilst the fibres for auditory impulses are 
the last. 

Flechsig* •* names the great sensory centre which receives the impulses 
associated with touch, pain, temperature, muscular sense, (fee., 
the region of geiieral-body-sensation, or the sommsthetic area as translated by 
Dr. Barker.^ The tracts conducting these impulses myelinate at successive 
periods after birth. They pass upwards from the inner and outer capsules and the 
optic thalamus as three systems.^ Some enter the central convolutions of the 
Kolandic area, others reach the paracentral lobule, the inferior frontal convolution, 
the insula, and small parts of the middle and superior frontal convolutions ; whilst 
considerable numbers reach the gyrus fornicatus and the hippocampal gyrus, 
which Ferrier had previously localised as a centre of common or tactile sensibility.. 

The Rolandic area, therefore, is not exclusively a motor area, but is a centro 
associated also with tho general sensibility of the body. The motor fibres in it 
are not myelinated until after the sensory paths have become developed. As the 
motor paths become structurally complete, they can he traced downwards as the 
great pyramidal tract from the pyramidal nerve-cells in this area, from which they 
arise, into the spinal cord, where they come into close relation with the nerve- 
cells in the anterior horn of grey matter, from which the nerve axial fibres 
proceed that are distributed to the voluntary muscles. 

Flechsig’s observations agree with those of previous observers in placing the 
visual centre in the occipital lobe ; the auditory centre in and near the superior 
temporal convolution ; and the olfactory oentre in the uncinate and hippocampal 
convolutions. Of the position of the taste centre he does not speak definitely, 
although ho thinks it to be in proximity either to the centre of general sensation, 
or to the olfactory centre. 

The centres of special sense in tlie cortex, and the large Rolandic area, which 
is the centre both for motion and general sensation, do not collectively occupy so 
much as one-half of the superficial area of the convolutions of the cortex. In all 
the lobes of the brain — frontal, parietal, occipito-temporal, and insula — convolutions 
are situated, not directly associated with the reception of sensory impressions, 
or as centres of motor activity, the function of which is to be otherwise 
accounted for. These convolutions lie intermediary to the sensory and motor 
centres. Flechsig has shown that in them myelination of the nerve-fibres does 
not take place until some weeks after birth, so that they are distinctly later in 
acquiring their structural perfection and functional activity. As the nerve-fibres 
become differentiated, they are seen to pass from the sense- centres into these inter- 
mediate convolutions, so as to connect adjacent centres together, and bring them 
into association with each other. ^ Hence he has called them the Association 
centres, the function of which is to connect together centres and convolutions 
otherwise disconnected."^ 

We have now, therefore, direct anatomical evidence, based upon differences in 
their stages of development, that, in addition to the sensory and motor areas in the 

* Johns Uopldns Btilletm, No. 70, January 1897. 

2 Drs. Ferrier and Aldren Turner communicated to the Royal Society of London 
a few weeks ago (Proo. P.S. June 17, 1897) an account of an elaborate research on the 
tracts which convey general and special sensibility to the cerebral cortex of monkeys. 
Their results were obtained by the aid of destructive lesions and the study of the 
consecutive degenerations in the nerve-tracts. From the brief abstract in the Pro* 
ceedings^ their research, though conducted by a different method, harmonises with the 
observations of Flechsig on the human brain, in regard to the course and connections 
of the great thalamic cortico-petal sensory fibres. They have also traced association 
fibres in connection with both the visual and auditory systems. 

* The term association fibres was introduced a number of years ago to express 
fibres of the cerebrum which connect together parts of the cortex in the same hemi- 
sphere. Flechsig’s fibres belong to this system. 

•* The Associetion centres had previously been referred to by other observers as 
* silent portions ’ of the cortex, nqt responding to electrical stimulus. Their possible 
function had been discussed by Professor Calderwood in Relations of Mmd and 
Brain, 2nd edit., 1884* 
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cortex of the human brain, a third division — the association centres — ^is to be 
distinguished. 

If we compare the cerebrum in man and the apes, we find those convolutions 
which constitute the motor and sensory centres distinctly marhed in both. An ape, 
like a man, can see, hear, taste, smell and touch ; it also exhibits great muscular 
activity and variety of movement. It possesses, therefore, similar fundamental 
centres of sensation and motion, which are situated in areas of the cortex, resembling 
in arrangement and relative position, though much smaller in size than, the corre- 
sponding convolutions in the adult human brain. It is not unlikely, though the 
subject needs additional research, that the minute structure of these centres 
resembles that of man, though, from the comparatively restricted^ area of grey 
matter in the ape, the neurones will necessarily be much fewer in number. 

In the cerebrum of a new-born infant, whilst the motor and sensory convolu- 
tions are distinct, the convolutions for the association areas, though present, are 
comparatively simple, and do not possess as many windings as are to be seen in 
the brain of a chimpanzee not more than tliree or four years old. 

Again, if we compare the brain of the Bushwoman, miscalled the Hottentot 
Venus, figured by Gratiolet and by Bischofi', or the one studied by Mr. John Marshall, 
tvith that of the philosopher Gauss, figured by lludolph Wagner, we also recognise 
the convolutions in which the motor and sensory areas are situated. In all these 
brains they have a comparative simplicity of form and armngement which enables 
)ne readily to discriminate them. When we turn, however, to the association 
ireas in the three tiers of convolutions in the frontal lobe, and in the parieto- 
occipital and occipito-temporal regions where the bridging or nnnectant convolu- 
ions are placed, we cannot fail to observe that in a highly-developed brain, like 
Rat of Gauss, the association convolutions have a complexity in arrangement, and 
in extent of cortical surface much more marked than in the Bushwoman, and to 
i still greater degree than in the ape. The naked-eye anatomy of the brain therc- 
bre obviously points to the conclusion that these association areas are of great 
physiological importance. 

The problem which has now to be solved is the determination of their function. 
Prolonged investigation into the development and comparative histology of the 
jrain will be necessary before we can reach a sound anatomical basis on which to 
bund satisfactory conclusions. It will especially be necessary to study the suc- 
cessive periods of development of the nerve-fibre tracts in the cerebrum of apes and 
)ther mammals, as well as the magnitude and intimate structure of the association 
ireas in relation to that of the motor and sensory areas in the same species. 

Flechsig, however, has not hesitated to ascribe to the association centres func- 
.ions of the highest order. He believes them to be parts of the cerebral cortex 
engaged in the manifestations of the higher intelligence, such as memory, judgment, 
ind reflection ; but in the present state of our knowledge such conclusions are of 
course quite speculative. 

It is not unlikely, however, that the impulses which are conveyed by the inter- 
nediate nerve-tracts, either on the one hand, from the sense centres to the associa- 
ion centres, or on the other, from the association centres to the sensory and motor 
centres, are neither motor nor sensory impulses, but a form of nerve energy, 
letermined by the terminal connections and contacts of the nerve fibres. It is possible 
hat the association centres, with the intermediate connecting tracts, may serve to 
larmonise and control the centres for the reception of sensory impressions that 
ve translate into consciousness, with those which excite motor activity, so as to 
;-ive to the brain a completeness and perfection of structural mechanism, which 
vithout them it could not have possessed. 

We know that an animal is guided by its instincts, through which it provides 
br its individual wants, and fulfils its place in nature. In man, on the other 
land, the instinctive acts are under the influence of the reason and intelligence, 
ind it is possible that the association centres, with the intermediate association 
ibres which connect them with the sensory and motor centres, may be the 
nechanism through which man is enabled to control his animal instincts, so far as 
hey are dependent on motion and sensation. 


3 E 2 
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The higher we ascend in the scale of humanity, the more perfect does this 
control become, and the more do the instincts, emotions, passions and appetites 
become subordinated to the self-conscious principle which regulates our judgments 
and beliefs. It will therefore now be a matter for scientific inquiry to determine, 
as far as the anatomical conditions will permit, the proportion which the associa- 
tion centres bear to the other centres both in mammals and in man, the period of 
development of the association fibres, in comparison with that of the motor and 
sensory fibres in different animals, and, if possible, to obtain a comparison in these 
respects between the brains of savages and those of men of a high order of 
intelligence. 

The capability of erecting the trunk ; the power of extending and fixing the 
hip and knee joints when standing ; the stability of the foot ; the range and 
variety of movement of the joints of the upper limb ; the balancing of the head 
on the summit of the spine ; the mass and weight of the brain, and the perfection 
of its internal mechanism, are distinctivelv human characters. They are the 
factors concerned in adapting the body oi man, under the guidance of reason, 
intelligence, the sense of responsibility and power of self-control, for the discharge of 
varied and important duties in relation to himself, his Maker, his fellows, the 
animal world and the earth on which he lives. 


rUURSDAY, AUGUST 11 ). 

The following Paper j and Reports were read: — 

1. The Scalp-lock: a Study of Omaha Ritual, 

By Miss Alice C. Fletcher. 

{Published in Jottrn, Anthrop. Ifistifufej No. 102, February 1808.] 


2. The Import of the Totem among the Omaha. 
By Miss Alice C. Fletcher. 

[Published separately Salem, Mass., 1807.] 


3. SquaktktqiLacU, or the Benign-faced Oannes of the Ntlakapamuq, 
British Columbia. By C. Hill-Tout. 

Sqwiktktquacltf or Benign-face, the mythological hero of the Ntlakapamuq, 
B.O., is the youngest son of the red-headed woodpecker by his favourite wife, tho 
black bear woman. The grizzly woman, his other wife, became jealous of the 
black bear, and killed both her and her husband by treachery, and would have 
also killed the black bear’s three sons, but they ran away. They were pursued by 
the grizzly, who met her death in the pursuit. The three hoys wandered about 
the country, the youngest, Squaktktquaclt^ becoming a powerful but kind-hearted 
shaman, who used his power in alleviating the misery and misfortunes of the 
people and in punishing by metamorphosis the evildoers. He also teaches the 
people many useful arts, and otherwise instructs them. He is to the Ntlakapamuq 
what SJdldp is to the Shushwaps, and seems indeed to be the same personage. He 
also recalls the ‘ Great Transformer ’ of the Kwakiutl. 


4. The Blackfoot Legend of Scar -face. By R. N. Wilson, 

The legend of Uk-ske, or Scar-face, is believed by the Algonquian Blackfeet to 
explain the origin of their principal sacred ceremonies and beliefs. So much ritual 
has reference to this myth, and so many observances are founded upon it, that the 
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student of Indian religious thought may accept it as one of the most significant and 
instructive legends possessed by these tribes 

A very beautiful young Indian woman refused all her suitors, but promised a 
young man, who was distigiired by a scar, that she would marry him when the 
scar disappeared from his face. After a long journey to the East he came to 
where the Sun lived with his wife, the Moon. Their son, the Morning Star, took 
pity on Scar-face, and they ultimately became great friends. The Sun cured 
Scar-face and kept him for a year in order to teach him religious ceremonies. 
Eventually Scar-face returned home and married the girl. The great religious 
ceremonies of the Blackfeet, having first been performed under the direction of 
Scar-face, were practised every year after that, and the Sun, as he had promised, 
was kind to the people and heard their prayers. 


5. Blackfoot Sun-offerings, By R. N. Wilson. 

In the neighbourhood of Indian camps and reservations a familiar sight is an 
article of clothing, such as a coat, shirt, or blanket attached to a stick and placed 
in a conspicuous position, or tied to the trunk of a prominent tree. These are 
sacrificial offerings to the Sun, which in former times consisted of the rarest and 
most highly valued articles possessed by the Indians. Of the numerous objects of 
worship the Sun is the one which receives the greatest amount of adoration. 
More prayers are addressed to this principal deity than to all of the others com- 
bined, and the most important of the religious rites and ceremonies are devoted to 
him in particular. When a Blackfoot is asked why such rites are practised in 
worship of the Sun, he replies, ‘ Because Scar-face taught us so.’ Although the 
Sun is now, and has doubtless for centuries been, pre-eminently the Blackfoot 
divinity, it may be that they have or had more ancient deities The Sun is then 
the principal deity. Every middle-aged Indian in the three tribes knows that the 
* Creator’ was never heard of by them until the advent of the missionaries. 
Equally erroneous is the view that they addressed prayers to, or in any manner 
worshipped, ‘ Napi,’ the Old Man of the legends, the blunderer, the immoral mis- 
chief-maker. The details of the rites of sacrificing to tlie Sun cannot, do not, 
readily admit of condensation. It is to be hoped that these two papers of 
Mr. Wilson’s will be published in full by the Anthropological Institute. 


6. Star-lore of the Micmacs of Nova Scotia, By Stanslury Hagar, 


7. The Lake Village of Glastonh^iry and its Place among the Lake- 
dicellings of Europe. By Dr. R. Munro. — See Reports for 1893-96. 


8. Report 07i the Silchester Excavations . — See Reports, p. 511. 


9. Some Old-world Haiwest Customs. By F. T. Elwortiiy. 

The author described and illustrated examples of corn charms, harvest 
trophies from Egypt and Thessaly, of the oaten Ctyach, or corn-baby, and the 
Kirnmaiden from Aberdeen, Elgin, East Lothian, and Forfiirsbire j the Casez Ved 
from Cardiganshire ; and of tlie Neck from Devonshire, and discussed their 
significance as survivals of an animistic corn-cult. 


10. Report on the North Dravidinyi and Rolarian Races of Ceiitral India, 
See Reports, p. 427. 
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FRIDAY, AUGUST 20. 
The President’s Address was delivered. — See p. 768. 


The following Papers and Reports were read : — 

1. A Demonstration of the Utility of the Spinal Curves in Man, 
By Professor Anderson Stuart. 


2, The Cause of Brachycephaly, By Professor A. Macalister, F.R.S. 


3. Notes on the Brains of some Australian Natives, 
By Professor A. Macalister, 


4. On some Cases of Trepanning in Early American Skulls, 
By Dr. W. J, McGee. 


5. A Case of Trepanning in North- Western Mexico. 

By W. Carl Lumiioltz and Dr. A. Hrdlicka. 

The trepanned skull ^ was found in a burial cave known to the Tarahumare 
Indians of the Pino Gordo section of the Sierra Madre, about one and a half days 
north of Guadalupe y Calvo. Three skeletons were found, lying in Tarahumare 
fashion, on their backs, with the faces to the east, and accompanied by a few crude 
native clay vessels. The trepanned skull is that of an aged female, a little more 
massive than the native average, to all appearance not pre-Columbian, but at the 
same time not recent, for a spindle wheel found with it is not of recent type The 
skull presents no deformity or fracture, but signs of an old superficial injury at 
about the middle of the junction of the right parietal with the occipital. 

The opening in the skull lies in the anterior and superior part of the right 
parietal bone, 1'3 cm. behind the coronal and 2*3 cm. below the sagittal suture. 
It is almost exactly round, measuring 2 cm. in diameter ; the outer edge is smooth 
and somewhat sunken, the inner obscured by a lamella of thin bone from all parts 
of the inner edge to the centre, and whose free edge is very sharp and irregular. 
Seen from within this skull the lamella appears smooth and directly continuous with 
the inner skull surface. There seems no doubt that part, at least, of this lamella 
remained after the wound had been made. 

The walls of the opening are quite smooth, and covered with a compact bony 
tissue. This fact, in connection with the smooth and slightly sunken external 
edge, shows that the wound had been made a long time — several years before the 
death of the person. 

The almost circular form of the opening and its perpendicular walls, which 
show no signs of bevelling, do not admit of the supposition that it was produced 
by scraping. One is forced to believe that it was produced by a kind of flint 
wimble with three teeth, very much like the instruments of iron used to-day in 
trepanning by the Berbers of I’Aurds.'^ At present the Tarahumares have no 
such tool, and, moreover, no knowledge of the operation of trepanning. 

Note. — Since the above was read another iustance of trepanning in the same 

' Am. Mus. Fat. Hist. (New York), Lumholtz Coll., No. 

Drs. Malbot and Verneau, ‘ Les Chaouias et la trepanation du crdne dans 
I’Aur^s,’ Revue (V Anthropologic, 181)7, ii. figs. 1-3. 
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region has come to the notice of the authors. This second skull (which also is in 
the Lumholtz Collection, and is deposited at the Museum of the University of 
Pennsylvania) is in many respects similar to the first described specimen. It is 
also a female skull, and the trepanning is situated in almost the identical spot as 
in the first case. The two specimens will be described in detail in one of the 
coming numbers of the * Amer. Anthropologist * published at Washington. 


6. Report on the Mental and Physical Deviations in Children from 
the Normal . — See Reports, p. 427. 


7. Report on Anthropometric Measurements in Schools. 
See Reports, p. 451. 


8. An Experimental Analysis of certain Correlations of Mental 
Physical Reactions. By Professor Lightner Witmek. 


The Growth of Toronto School Children. By Dr. Pranz Boas. 
See Report on the Ethnological Survey of Canada, p. 443. 


10. The Physical Characteristics of European Colonists horn in 
New Zealand. By Dr. H. O. Forbes. 


SATURDAY, AUGUST 21. 
The Section did not meet. 


AlONDAY, AUGUST 23. 

The following Reports and Papers were read : — 

1. Report on the North-Western Tribes of Canada. 

The publication of this Report is deferred until next year, when the 
final Report of the Committee will be presented. 

2. The Seri Indians of the Gulf of California. By Dr. W. J. McGee. 


3. Historical and Philological Notes on the Indians of British Columbia* 
By C. Hill-Tout. 
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4. The Kootenays and their Saliahan Neighbours, 

By Dr. A. F. Cjiamberlain, Clark University^ Worcester^ Mass, 

The chief results of the investigations carried on anaongst the Kootenays of 
South-eastern British Columbia by the writer in 1891 have appeared in the 
Beport of the British Association for 1892, but the material then obtained is still 
being studied, especially the linguistic data. An ethnological sketch of the 
Shushwaps, neighbours of the Kootenays on the west, who belong to the Salishan 
linguistic stock, was published by Dr. G. M. Dawson, in the ^ Transactions ’ of the 
Boyal Society of Canada for 1891, and another brief account of them, by Dr. 
Franz Boas, appeared in the Report of the British Association for 1890. It is 
upon these that the comparisons here made are based. In respect of languages 
these adjacent peoples show marked diflerences: the Kootenay makes very little 
use of reduplication (none, seemingly, for grammatical purposes), possesses incor- 
poration in a manner similar to the Nahuatl of Mexico, and verbal composition 
like the Sionan and the Athapascan languages. The Shushwap employs reduplica- 
tion extensively and has ‘ substaritivals ’ like the Algonkian tongues. The general 
linguistic affinities of the Kootenay seem to lie, perhaps with the Shoshonian 
stock, though nothing definite has yet been made out, and it still remains an 
independent family of speech. The general affinities of the Shushwap are more 
with the Kwakiutl-Nootka. Of borrowings between Kootenay and the Salishan 
languages there have been few. Statlt'in, ^ a dug-out,’ hdEtltstUf ^ a dog,’ kdiltsa, 

* tour,’ finding cognates in Salishan dialefits ; also, perhaps, the words for ^ four,’’ 
and ‘eight.’ In certain arts, implements, &c., sweat-houses, fire-baking of roots, 
pine-bark fuel, root-foods games, the likeness between the two peoples, even in^ 
detail, is very close, the affinity lying, however, sometimes with peoples north of 
them, sometimes with those to the south, the Kootenays favouring the latter, the 
Shushwap the former. A peculiar pipe figured by Dawson, and ‘ differing in shape 
from any hitherto seen by me in British Columbia,’ closely resembles one found 
among the Kootenays, who also possess the pestle-shaped hammer of the Shush- 
waps and coast tribes. By far the most noteworthy coincidence, however, is the 
possession by the Kootenays and the Shushwaps of the peculiar double (down- 
wards) pointed bark-canoe, of the kind which Professor 0. T. Mason calls the 
Amoor type, since it is found also on that Asiatic river. The Kootenay name 
ydktsdmitl differs entirely from the Salishan names, and its use with them is 
much more common than with tlie Shushwaps. Hence one might reasonably 
argue that the borrowing here has been from the Kootenays on the part of the- 
Shushwaps, and not vice versa. The fish-traps and fish-weirs of the two peoples 
are practically identical. In their social organisation the two peoples resemble 
each other in their lack of gentes and complicated secret societies. More evidences^ 
of sun-worship are found with the Kootenays than with the Shushwaps. In 
mythological fond there are striking resemblances especially in the animal talee, 
where the coyote (indicative of southern affinities) performs a chief role, though 
with the Kootenays he is not the hero as with the Shushwaps. 


5. Kootenay Indian Draxoings. 

By Dr. A. F. Chamberlain, Clark University^ Worcester j Mass. 

The author exhibited some 300 drawings of natural objects, animals, imple- 
ments, human beings, &c., which he obtained in the summer of 1891 from certain 
members of the Kootenay tribe of South-eastern British Columbia, to whom ho 
had given, for the purpose, paper and pencils. None of the Indians whose genius 
the drawings represent had ever, so far as known, received any instruction in the 
art from the whites, and the skill displayed is even more noteworthy, when we 
consider the fact that no rock carvings or picture-writings are on record from the 
region in question. 

In the delineations of celestial and terrestrial phenomena the most remarkable 
points are the depicting of the clouds as masses dependent from the arch of tho 
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sky, or resting on the mountains, and the ability shown in map-drawing, the 
course of the Kootenay and Columbia Rivers, the lake expansions, and the tributary 
streams being properly indicated. These Indians readily recognise oil a map the 
chief topographical features of their country. Of 188 figures of animals, birds, 
reptiles, fish, &c., all but two (both owls) are in profile, while of thirty-five human 
figures, seven only are in profile, and of these four are by one Indian and three by 
another. Of the animal figures eighty-three distinctly face the right, ninety-t\v'(> 
the lelt ; of the seven human profiles two are right, five left. The characteristic 
attitudes of such creatunjs as the bufialo, the bear, the coyote, the rabbit, the otter, 
the beaver, the horse, squirrel, salmon, swallow, humming-bird, woodpecker, owl, 
are represented, and the distinctive marks of the male and female horned animals, 
tails and beaks of birds, and the like denoted. The same is the case with the 
figures representing men and women of various Indian tribes. 

As the drawings represent the efforts of Indians of various ages from eighteen 
to sixty, there is a great range of difference in the merit of the productions, some, 
especially those of the oldest artist, being made almost to caricature, while some 
drawings of bufialoes, bears, horses, and especially steamboats by the younger 
Indians evidence marked ability, and compare favourably with the efforts of very 
many adult whites. In complexit}'’ the drawings range from the simple delinea- 
tion of a fish-hook or an arrow-point to the depicting of a steamboat at anchor in 
the river, or a buffalo hunt — this last a remarkable piece of work — and a gambling- 
scene, in the delineation of which conventionalising appears. Another interesting 
picture is that of a war-dance ; and it may be worth noting here that when tht^ 
old Indian artist who drew it had concluded his w^ork the force of association 
was too much for him, and holding the paper aloft in his hand he exemplified for 
a few moments what the picture represents. 

The marked abilities of the Kooteiiays in drawing go with their noticeably 
high mental character, which has been noted by all observers from De Smet to tbo 
present time. As compared with the drawings of children these Indian pictures 
emphasise the dillerence between the art of primitive races, with their sharp 
observation gift, and the self*scribblings, imperfect copyings, and crude imaginingss 
With the savage art is'beginiiing to be an art; with the child it lingers long as an 
amusement. 


6. A Rock Inscrij^tion on Great Central Lake^ Vancouver Island. 
By J. W. MacKay. 


7. Blackfooi Womanhood, By Rev. John Maclean, J/.i., Fh.D, 

The imperfection of woman and her position of inferiority are emphasised in 
the legends of the Blackfeet, Girls are trained by the women in the duties of 
camp life. The loose style of dress worn begets freedom of motion, and influences 
the physical form. The outdoor life induces health, yet early marriage, harsh 
treatment, the use of tobacco, the smoke of the lodges, and the lack of ambition 
bring premature physical and mental decay. The women prepared the hides of 
the buffalo for sale, pitched the lodges and took them down, and the first wife 
retained supremacy in the lodge. The internal arrangements of all the lodges are 
similar. Log houses have replaced the lodges of buffalo-skin since the people 
settled on reservations and the buffalo has disappeared. Civilisation has intro- 
duced cooking utensils and modified methods of cooking materially affecting the 
health of the people. The women gather the berries, pound them between stones, 
and put them up in skin-bags for winter use. They wash themselves by filling 
their mouths with water, squirting it into their hands, and rubbing their faces 
and hair with their hands. Striking the hair with the hands supplies the place 
of a comb. The artistic skill of the women is shown in making moccasins, fire- 
bags, leggings, and leather shirts, the designs being wrought with beads, dyed 
porcupine quills, and silk thread of various colours. The Blackfoot women are 
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not as expert as the Northern Cree women at this kind of work. There is a 
natural division of labour between the sexes. Agriculture is a new occupation 
for these hunting tribes. The ordinary costume of the women consists of a loose 
gown of equal width from top to bottom without fastenings of any kind, having 
wide sleeves, a pair of leggings and moccasins, and an outer blanket or skin. 
Brass rings on each finger of both hands, earrings, and necklace and painted face 
serve as ornaments. Napioa instituted marriage. The females are married early, 
sometimes at eleven or twelve years of age. Marriage is by purchase. War 
between tribes destroyed the men and left a large majority of women, and polygamy 
arose. Nature is putting an end to polygamy through an equalising of the sexes. 
Divorce is an easy matter. Adultery is punished by cutting off the woman’s 
nose. Twins are considered a calamity. There are medicine- women who are not 
members of the medical priesthood The women are modest, love their children 
intensely, obey their husbands, quarrel with the other members of the lodge, ride 
horseback in the same fashion as men, smoke as men, but use common pipes and 
smoke separately, not in unison as the men ; are good swimmers, throwing the 
hands in dog fashion ; mourn deeply when one of their dogs is killed, drink tea 
incessantly, are inveterate gamblers. Since coming in contact with civilisation 
many of the women have become immoral. Cree and Kootenay women are 
sometimes found married to Blackfoot husbands. The women are sweet singers. 
In the native dances they dance separately. The females prepare the corpses of 
their deceased relatives for burial, are the chief mourners at funerals, prepare the 
sacred tongues for the sun-dance. 

Mythology affects the status of woman. Harsh treatment, early marriage, 
and poverty induce premature physical and mental decay. Cooking exerts a 
strong influence on the health and longevity of individuals. Totemism affects the 
modes of life and thought of the people. Polygamy is dependent on tribal wars. 
Ci\ilisation injures the morals of the aborigines. 


8. On the Hut burial of the American Aborigines. By E. Sidney Hartland. 

James Adair, whose ^History of the American Indians’ was published in 
1776, describes the burial of natives belonging to the Cherokees and allied tribes as 
taking place in their own huts. The deceased was buried within his own house, 
under the widow’s bed. The same custom was found by the Spaniards among 
certain tribes of South America, and it has continued to the present day in Brazil. 
Traces also remain of it among the Zunis. Nor is it peculiar to the American 
continent ) at one time it was even the practice of the ancestors of the European 
peoples. Its origin must be sought for in the savage idea of kinship, and in the 
desire to retain within the kin the deceased, with all his power and virtues. As 
civilisation developed, however, the inconveniences of keeping the dead, either 
above or below ground, in the hut which continued to be the dwelling of the 
survivors began to be perceived. Various expedients were devised to obviate 
these inconveniences. Many people preserved the desiccated bones of the dead, 
which were often, as among many of the North American tribes, finally deposited 
in gentile ossuaries. 

Works Cited on the American Tribes: — 

Tlie History of the American Indians ; yarlicnlarly those nations adjoining to the 
Mississippi, East and West Florida, Georgia, South and North Carolina, and Vir- 
ginia. By James Adair, Esq., London, 1776. 

The Problem of the Ohio Mounds. By Cyrus Thomas [Bureau of Ethnology], 
Washington, 1889. 

The Travels of Pedro de CAcza de Leon, A.d. 1682-60, contained in the first part of 
bis Chronicle of Hem. Translated and edited by CLEMENTS R. Maekham, F.S.A., 
P.R.G.S. London [Hakluyt Soc.], 1884. 

The Indian Tribes of Guiana : their Condition and Habits. By the Rev. W, H. 
Brett, London, 1868. 
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A Narrative of Travels on the Amazon and Rio Negro, with an aeeount of the 
Native Tribes [&c.]. By A. R. Wallace, LL.D., London, 1853, reprinted 1 889. 

Unter den Nattirvolkern ^entral-Rrasiliens, Reiseschilderung und Ergebnisse 
der zweiten Schingd-Expedition, 1887-1888. Von Karl von den Steinen, Prof. Dr., 
Berlin, 1894. 

The Origin of Primitive Superstitions a/nd other Development into the Worship of 
Spirits and the Doctrine of Spiritual Agency among the Aborigines of America. By 
Rushton M. Dobman, Philadelphia, 1881. 

The Natural and Moral History of the Indies. By Father Joseph DE AcostA. 
Reprinted from the English translated edition of Edward Grimston, 1604, and 
edited by Clements R. Markham, C.B., F.R.S., 2 vols. [paged continuously], London 
[Hakluyt Soc.], 1880, 

Outlines of Zuni Creation Myths. By FRANK HAMILTON CuSHING in 13th 
Report of the Bureau of Ethnology. Washington, 1896. 

A List of the Tribes in the Valley of the Amazon, including those on the Danhs of 
the Main Stream and of all its Tributaries. Attempted by Clements R. Mark- 
ham, C.B., F.R.S., Pres. R.G.S. (2nd edit.), in xxiv. Journ. Anthrop. Inst. G. Brit, 
and Ireland. London, 1895. 

Missionary Labours in British Guiana : with remarks on the Manners, CustomSy 
and Superstitious Rites of the Aborigines. By the Rev. J. H. Beenau. London, 
1847. 

Illustratwns of the Manners, Customs, and Condition of the North American 
Indians. With Letters and Notes. By George Gatlin. 2 vols. London, 1876. 

Ancient Society ; or, Researches in the Lives of Human Progress from Savagery 
through Barbarism to Civilisation. By Lewis H. Morgan, LL.D. London, 1877. 

Die Gebrduche und religiosen Anschauungen der Kekchl-Indianer. Von Dr. Carl 
Sapper, Guatemala. In viii. Internat. Archlv fur Ethnographic. Leiden, 1895. 

Tribes of the Extreme North- West. By W, II. Dall in i. Contributions to N. Am, 
Ethnology. Washington, 1877. 


9. Report on the Ethnological Survey of Canada . — See Reports, p. 440. 


10. The Origin of the French Canadians. By B. Sulte. 
See Report on the Ethnological Survey of Canada, p, 440, 


11. Report on the Ethnographical Survey of the United Kingdom. 
See Reports, p. 452. 


12, The Evolution of the Cart and Irish Car. 
By Professsor A. C. Haddon. 


TUESDAY, AUGUST 24. 

The following Papers and Report were read 

1, The Jesnp Expedition to the North Pacific. 
By Professor P. W. Putnam, 


2. Discussion of Evidences of American- Asiatic Contact. 
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3. Why Human Progress is by Leaps. By George Iles. 

We are accustomed to regard the decisive triumphs of man as he wins each 
one of them as simple additions to his resources, material and mental, whereas in 
truth they are multipliers of high potency, entering as they do into wide and 
fruitful union with the talents and powers they find already in the field. The 
introduction of every invention or discovery of prime dignity at once tends to 
quicken the pace of progress to a leap. It would appear that the distinction 
between a multiplier and an addition, as each supreme victory comes to human 
wit, sheds light on three cardinal facts regarding man. First, his comparatively 
rapid development from animality. Second, his separation to-day from his next of 
kin by a gulf more profound and wide than that between any two other allied 
families in all nature. Third, his advance, when civilised, in power and faculty at 
a pace ever accelerated. 


4. On the Transmission of Acquired Characters. 
By Professor J. CossAR Ewart, F.E.S. 


5. On the Kafirs of Kafiristan. By Sir George Robertson, K.C.S.L 


6 On the Mangyans and Taghanuas of the Philippine Isles. 
By Professor Dean C. Worcester. 


7. Report on the Hecesfity of the Immediate Investigation of the Anthro 
pology of Oceanic Islands . — See Reports, p. 352. 


[WEDNESDAY, AUGUST 25. 

A joint discussion with Section C (Geology) on the first Traces of Man in the 
New World was introduced by the reading of the following Papers: — 

a. The Trenton Gravels. By Professor F. W. Putnam. 
b. Human Relics in the Drift of Ohio. By Professor E. W. Claypole. 


The following Papers were read : — 

1. On some Spear -heads made of Glass from West Australia. 

By the President of the Section, Sir W. Turner, F.R.S., F.R.S.E. 

In July of this vear I received from Dr. O. Archdall Reid three specimens of 
spear heads, which nad recently been brought W Mr. Robert Grant from Roebuck 
Bay, West Australia. They bad been made by the natives from glass bottles- 
thrown into the bush by the English settlers in that locality. Two were made of 
coloured glass, as if from beer bottles, and one from white glass. That from white 
glass was D6 mm. long and 30 mm. in its widest part, whilst the others were 
91 mm, and 81 mm. long respectively. They were sharply pointed at one end,, 
whilst the opposite end was in two instances finished with a convex border and 
in the third with a straight base. The margins were serrated, and the surfaces showed 
the marks where flakes of glass had been removed during the manufacture of the spear 
head. Mr. Grant has seen the natives engaged in the manufacture of these imple- 
ments. He states that the piece of glass rests during the process on the operator’s 
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knee, who takes a stone adze about 2 inches long, with which he strikes the glass. 
The adze is a smooth stone, not a flint. The natives had made, prior to the visits 
of Europeans, spear heads of flint, which are still manufactured in the back 
districts of the country, and the glass implements are of the same pattern. 
Mother-of-pearl shell is sometimes used for maliing spear heads, but it is apparently 
ground, and not chipped to the required shape. 


2. The Genesis of TmpJeinent-makwg. By F. H. CusniNG. 


3. Adze-making in the Andaman Islands, By Professor A. C. Haddon.] 
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Section T. — PHYSIOLOGY, including Experimental Pathology and 
Experimental Psychology. 

P resident of the Section — Professor Michael Foster, 

M.D., Sec. R.S. 


Til VltSBA A UO UST 10. 

The President delivered the following Address ^ 

We who have come from the little island on the other side of the great waters 
to take part in this important gathering of the British Association, have of 
late been much exercised in retrospection. We have been looking back on the 
sixty years reign of our beloved Sovereign, and dwelling on what has happened 
during her gracious rule. We have, perhaps, done little in calling to mind the 
wrongs, the mistakes and the failures of the Victorian era; but our minds and our 
mouths have been full of its achievements and its progress ; and each of us, of 
himself or through another, has been busy in bringing back to the present the 
events of more than half a century of the past. It was while I, with others, 
was in this retrospective mood that the duty of preparing some few words 
to say to you to day seemed suddenly to change from an impalpable cloud in the 
far distance to a heavy burden pressing directly on the back; and in choosing 
something to say I have succumbed to the dominant inliuence. Before putting 
pen to paper, however, I recovered sufficiently to resist the temptation to add one 
more to the many reviews which have appeared of the progress of physiology 
during the Victorian era. I also rejected the idea of doing that for which I find 
precedents in past presidential addresses — namely, of attempting to tell what has 
been the history of the science to which a Section is devoted during the brief 
interval which has elapsed since the Section last met ; to try and catch physiology, 
or any other science, as it rushes through the brief period of some twelve months 
seemed to me not unlike photographing the flying bullet without adequate appara- 
tus; the result could only he either a blurred or a delusive image. But I bethought 
me that this is not the first, we hope it will not he the last, time that the 
British Association has met in the Western Hemisphere ; and though the events 
of the thirteen years which have slipped by since the meeting at Montreal in 1884 
might seem to furnish a very slender oat on which to pipe a presidential address, 
I have hoped that I might be led to sound upon it some few notes which might bo 
listened to. 

And indeed, though perhaps when we come to look into it closely almost every 
period would seem to have a value of its own, the past thirteen years do, in a 
certain sense, mark a break between the physiology of the past and that of the 
future. When the Association met at Montreal in 1884, Darwin, whose pregnant 
ideas have swayed physiology in the limited sense of that word, as well as that 
broader study of living beings which we sometimes call biology, as indeed they 
have every branch of natural knowledge, had been taken from us only some two 
years before, and there were still alive most of the men who did the great works 
of physiology of the middle and latter half of this century. The gifted Claude 
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Bernard liad passed away some years before, but bis peers might have been present 
at Montreal. Bowman, whose classic works on muscle and kidney stand out as 
peaks in the physiological landscape of the past, models of researches finished and 
complete so far as the opportunities of the time would allow, fruitful beginnings 
and admirable guides for the labours of others. Brown-Sequard, who shares with 
Bernard the glory of having opened up the great modern path of the influence of 
the nervous system on vascular and thus on nutritional events, and who, if he made 
some mistakes, did many things which will last for all time. Briicke, whose 
clear judgment, as shown in his digestive and other work, gave permanent value 
to whatever he put forth. Du Bois Ileymond, who, if he laboured in a narrow 
path, set a brilliant example of the way in which exact physical analysis may be 
applied to the phenomena of living beings, and in other ways had a powerful 
influence on the progress of physiology. Bonders, whose mind seemed to have 
causrht something of the better qualities of the physiological organ to which his 
professional life was devoted, and our knowledge of which he so largely extended, 
so sharply did he focus his mental eye on every physiological problem to which 
he turned — and these were many and varied. Helmholtz, whose great works on 
vision and hearing, to say nothing of his earlier distinctly physiological researches, 
make us feel that if physics gained much, physiology lost even more when the 
physiologist turned aside to more distinctly physical inquiries. Lastly, and not 
least, Ludwig, who by his own hands or through his pupils did so much to makt‘ 
physiology the exact science which it is to-day, but which it was not when ho 
Wgan his work. I say lastly, but I might add the name of one who, though 
barred by circumstances from contributing much directly to physiology by way of 
research, so used his powerful influence in many ways in aid of physiological 
interests as to have helped the science onward to no mean extent, at least among 
Englisli-apeaking people — I mean Huxley. All these might have met at 
Montreal. 'J'hey have all left us now. Among the peers of the men I have 
mentioned whose chief labours were carried on in the forties, the fifties and the 
sixties of the century, one prominent inquirer alone seems to be left, Albert von 
Kblliker, who in his old age is doing work of which even he in his youth miglit 
have been proud. The thirteen years which have swept the others away seem to 
mark a gulf between the physiological world of to-day and that of the time in 
which most of their work was done. 

They are gone, but they have left behind their work and their names. May 
they of the future, as I believe we of the present are doing, take up their work 
and their example, doing work other than theirs but after their pattern, following 
in their steps. 

In the thirteen years during which these have passed away physiology has not 
been idle. Indeed, the more we look into the period the more it seems to contain. 

The study of physiology, as of other sciences, though it may be stimulated by 
difliculties (and physiology has the stimulus of a special form of opposition unknown 
to other sciences), expands under the sunshine of opportunity and aid. And it 
may be worth while to compare the opportunities for study of physiology in 1884 
with those in 1897. At this meeting of the British Association I may fitly confine 
myself I was going to say to British matters ; but I feel at this point, as others 
have felt, the want of a suitable nomenclature. We who are gathered here 
to-day have, with tlie exception of a few honoured guests from the Eastern 
Hemisphere, one common bond, one common token of unity, and, so far as 
I know, one only; I am speaking now of outward tokens; down deeper in 
our nature there are, I trust, yet others. We all speak the English tongue. 
Some of ns belong to what is called Great Britain and Ireland, others to 
that which is sometimes spoken of as Greater Britain. But there are others 
here who belong to neither; though English in tongue, they are in no 
sense British. To myself, to whom the being English in speech is a fact of far 
deeper moment than any political boundary, and who wish at the present moment 
to deal with the study of physiology among all those who speak the English 
tongue, there comes the great want of some word which will denote all such. I 
hope, indeed I think, that others feel the same want too. The term Anglo-Saxon 
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is at once pedantic and incorrect, and yet there is none other ; and, in the absence 
of such a better term, I shall be forgiven if I venture at times to use the seemingly 
narrow word English as really meaning something much broader than British in 
its very broadest sense. 

Using English in this sense, I may, I think, venture to say that the thirteen 
years which separate 1884 from to-day have witnessed among English people a 
development oi opportunities for physiological study such as no other like period 
.has seen. It is not without sigriificance that only a year or two previous to this 
period, in England proper, in little England, neither of the ancient Universities of 
Oxford and Cambridge, which, historically at least, represent the fullest academical 
aspirations of the nation, possessed a chair of physiology ; the present professors, who 
are the first, were both appointed in 1883. Up to that time the science of physi- 
ology had not been deemed worthy, by either university, of a distinctive professorial 
mechanism. The act of these ancient institutions was only a manifestation of 
modern impulses, shared also by the metropolis and by the provinces at large. 
Whereas up to that time the posts for teaching physiology, by whatever name 
they were called, had been in most cases held by men whose intellectual loins 
were girded for other purposes than physiology, and who used the posts as step- 
ping-stones for what they considered better things, since that time, as each post 
became vacant, it has almost invariably been filled by men wishing and purposing 
at least to devote their whole energies to the science. Scotland, in many respects 
the forerunner of England in intellectual matters, had not so much need of change ; 
hut she, too, has moved in the same direction, as has also the sister island. 

And if we turn to this Western Continent, we find in Canada and in the 
States the same notable enlargement of physiological opportunity, or even a still 
more notable one. If the English-speaking physiologist dots on the map each 
place on this Western Hemisphere which is an academic focus of his science, he may 
well be proud of the opportunities now afforded for the development of English 
physiology ; and the greater part of this has come within the last thirteen years. 

Professorial chairs or their analogues are, however, after all but a small part of 
the provision for the development of physiological science. The heart of physiology 
is the laboratory. It is this which sends the life-blood through the frame ; and in 
respect to this, perhaps, more than to anything else, has the progress of the past 
thirteen years been striking. Doubtless, on both sides of the waters there wore 
physiological laboratories, and good ones, in 1884; hut how much have even those 
during that perod been enlarged and improved, and how many new ones have 
been added ? In how many places, even right up to about 1884, the professor or 
lecturer was fain to be content with mere lecture experiments and a simple course 
of histology, with perhaps a few chemical exercises for his students ! Now each 
teacher, however modest his post, feels and says that the authorities under whom 
he works are bound to provide him with the means of leading his students along 
the only path by which the science can he truly entered upon, that by which each 
learner repeats for himself the fundamental observations on which the science is based. 

But there is a still larger outcome from the professorial chair and the physio- 
logical laboratory than the training of the student; these are opportunities not 
for teaching only, but also for research. And perhaps in no respect has the 
development during the past thirteen years been so marked as in this. Never so 
clearly as during this period has it become recognised that each post for teaching 
is no less a post for learning, that among academic duties the making knowledge 
is as urgent as the distributing it, and that among professorial qualifications the 
gift of garnering in new truths is at least as needful as facility in the didactic 
exposition of old ones. Thirteen years has seen a peat change in this matter, 
and the progress has been perhaps greater on this side of the water than on the 
other, so far as English-speaking people are concerned. We on the other side 
have witnessed with envy the establishment on this side of a university, physio- 
logy having in it an honoured place, the keynote of which is the development of 
original research. It will, I venture to think, be considered a strong confirmation 
of my present theme that the Clark University at Worcester was founded only 
ten years ago. 
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And here, as an English-speaking person, may I be allowed to point out, not 
without pride, that these thirteen years of increased opportunity have been 
thirteen years of increased fruitfulness. In the history of our science, among the 
names of the great men who have made epochs, English names, from Harvey 
onwards, occupy no mean place ; but the greatness of such great men is of no 
national birth ; it comes as it lists, and is independent of time and of place. If 
we turn to the more everyday workers, whose continued labours more slowly 
build up the growing edifice and provide the needful nourishment for the greatness 
of which I have just spoken, we may, I will dare to say, atfirm that the last 
thirteen years has brought contributions to physiology, made known in the 
English tongue, which, whether we regard their quantity or their quality, signifi- 
cantly outdo the like contributions made in any foregoing period of the same 
length. Those contributions have been equally as numerous, equally as good on 
this side as on the other side of the waters. And here I trust I shall be pardoned 
if personal ties and affection lead me to throw in a personal word. May I not 
say that much which has been done on this side has been directly or indirectly the 
outcome of the energy and gifts of one whom I may fitly name on an occasion such 
as this, since, though he belonged to the other side, his physiological life was passed 
and his work was done on this side, one who has been taken from us since this 
Association last met, Henry Newell Martin ? 

Yes, during these thirteen years, if we put aside the loss of comrades, physiology 
has been prosperous with us and the outlook is bright; but, as every cloud has its 
silver lining, so shadow follows all sunshine, success brings danger, and something 
bitter rises up amid the sweet of prosperity. The development of which I have 
spoken is an outcome of the progressive activity of the age, and the dominant note 
of that activity is heard in the word ‘ commercial.’ Noblemen and noblewomen 
open shop, and every one, low as well as high, presses forward towards large or 
quick profits. The very influences which have made devotion to scientific inquiry 
a possible means of livelihood, and so fostered scientific investigation, are creating 
a new danger. The path of the professor was in old times narrow and strait, and 
only the few who had a real call cared to tread it ; nowadays there is some fear 
lest it become so broad and so easy as to tempt those who are in no way fitted for 
it. There is an increasing risk of men undertaking a research, not because a 
question is crying out to them to be answered, but in the hope that the publication 
of their results may win for them a lucrative post. There is, moreover, an even 
greater evil ahead. The man who lights on a new scientific method holds the key 
of a chamber in which much gold may be stored up ; and strong is the temptation 
for him to keep the new knowledge to himself until he has filled his fill, while all 
the time his brother-inquirers are wandering about in the dark through lack of that 
which he possesses. Such a selfish withholding of new scientific truth is beginning 
to be not rare in some branches of knowledge. May it never come near us ! 

Now I will, with your permission, cease to sound the provincial note, and ask 
your attention for a few minutes while I attempt to dwell on what seem to me to 
be some of the salient features of the fruits of physiological activity, not among 
English-speaking people only, hut among all folk, during the past thirteen years. 

When we review the records of research and discovery over any lengthened 
period, we find that in every branch of the study progress is irregular, that it ebbs 
and flows. At one time a particular problem occupies much atteution, the peri- 
odicals are full of memoirs about it, and many of the young bloods flesh their 
maiden swords upon it. Then again for awhile it seems to lie dormant and 
unheeded. But quite irrespective of this feature, which seems to belong to all 
lines of inquiry, we may recognise two kinds of progress. On the one hand, in 
such a period, in spite of the waves just mentioned, a steady advance continually 
goes on in researches which were begun and pushed forward in former periods, 
some of them being of very old date. On the other hand, new lines of investiga- 
tion, starting with quite new ideas or rendemd possible by the introduction of 
new methods, are or may be begun. Such naturally attract great attention, and 
give a special character to the period. 

1897. 3 P 
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In the past thirteen years we may recognise both these kinds of progress. Of 
the former kind I might take, as an example, the time-honoured problems of the 
mechanics of the circulation. In spite of the labour which has been spent on these 
in times of old, something always remains to be done, and the last thirteen years 
have not been idle. The researches of Hurthle and Tigerstedt, of Roy and Adami, 
not to mention others, have left us wiser than we were before. So again, with the 
also old problems of muscular contraction, progress, if not exciting, has been real ; 
we are some steps measurably nearer an understanding what is the exact nature of 
the fundamental changes which bring about contraction and what are the relations 
of those changes to the structure of muscular fibre. In respect to another old 
problem, too, tlie beat of the heart, we have continued to creep nearer and nearer 
to the full light. Problems again, the method of attacking which is of more 
recent origin, such as the nature of .secretion, and the allied problem of the nature 
of transudation, have engaged attention and brought about that stirring of the 
waters of controversy which, whatever be its elfects in other departments of life, 
is never in science wholly a waste of time, if indeed it be a waste of time at all, 
since, in matters of science, the tribunal to which the combatants of both sides 
appeal is always sure to pive a true judgment in the end. In the controversy 
thus arisen, the last word has perhaps not yet been said, but whether we tend at 
present to side with Heidenhain, who has continued in^o the past thirteen years 
the brilliant labours which were perhaps the distinguishing features of physiolo- 
gical progress in preceding periods, and who in his present siilferings carries with 
him, 1 am sure, the sympatliies if not the liopea oi all his brethren, or whether 
we are more inclined to join tliose who hold dilferent views, we may all agree 
in saying that we have, in 1807, distinctly clearer ideas of why secretion gathers 
in an alveolus or lymph in a lymph space than we had in 1884. 

I might multiply such examples of progress on more or less old lines until I 
wearied you ; but I will try not to do so. I wish rather to dwell for a few miuiites 
on spme of what seem to be the salient netv features of the period under review. 

One such feature is, I venture to think, the development of what may perhaps 
be called the new physiological chemistry. We always are, and for a long time 
always have been, learning something new about the chemical phenomena of living- 
beings. During the years preceding those immediately recent, great progress, for 
which we have especially, perhaps, to thank Kiihne, was made in our knowledge 
of the bodies which we speak of as proteids and their allies. But while admitting 
to the full the high value of all these researches, and the great light which they 
threw on many of the obscurer problems of the chemical changes of the body, 
such, for instance, as the digestive changes and the clotting of blood, it could not 
but be felt that their range was restricted and their value limited. Granting the 
extreme usefulness of being able to distinguish bodies though theirsolution or precipi- 
tation by means of this or that salt or acid, this did not seem to promise to throw 
much light on the all-important problem as to what was the connection between the 
chemical constitution of such bodies and their work in the economy of a living 
being. For it need not be argued that this is an all-important problem. To day, 
as yesterday and as in the days before, the mention of the word vitalism or its 
equivalent separates as a war-cry phy-siologists into two camps, one contending 
that all the phenomena of life can, and the other that they cannot, he explained as 
the result of the action of chemico-pbysical forces. For myself, 1 have always felt 
that while such a controversy, like other controversies as I ventured to say just 
now, is useful as a stirring of the waters, through which much oxygen is brought 
home to many things and no little purification efiected, the time for the final 
judgment on the question will not come until we .shall more clearly understand 
than we do at present what we mean by physical and chemical, and may perhaps 
be put ofi’ until somewhere near the end of all things, when we shall know as fully 
as we ever shall what the forces to which we give these names can do and what 
tliey cannot. Meanwhile the great thing is to push forward, so far as may be, 
the chemical analysis of the phenomena presented by living beings. Hitherto the 
physiological chemists, or the chemical physiologists as perhaps they ought rather 
to be called have perhaps gone too much their own gait, and have seemed to be 
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constructing too mucli a kind of cliemistry of tlieir own. But that, may I say, has 
in part been so because they did not receivti from their distinctly chemical brethren 
the help of which they were in need. Alay I go so far as to say that to us physio- 
logists these our brethren seemed to be lagging somewhat behind, at least along 
those lines of their science which directly told on our inquiries ? That is, however^ 
no longer the case. They are producing work and giving us ideas which we can 
carry straight into physiological problems. The remarkable work of Emil Fischer 
on sugars, one of the bright results of my period of thirteen years, may fully be 
regarded as opening up a new era in the physiology of the carbohydrates, opening 
up a new ora because it has shown us the way how to investigate physiological 
problems on purely and distinctively chemical lines. Not in the carbohydrates 
only, but in all directions our younger investigators are treating the old problems 
by the new chemical methods; the old physiologii‘,al chemistry is passing away ; 
nowhere, perhaps, is the outlook more promising than in this direction ; and we 
may at any time receive the news that the stubborn old fortress of the proteids hOvS 
succumbed to the new attack. 

Another marked feature of the period has been the increasing attention given 
to the study of the low’er forms of life, using their simpler structures and more 
diffuse phenomena to elucidate the more general properties of living matter. 
During the greater part of the present century physiologists have, as a rule, chosen 
as subjects of their observations almost exclusively the vertebrata ; by far the 
larger part of the results obtained during this time have been gained by inquiries 
restricted to some half a dozen kinds of backboned animals ; the frog and the 
myograph, the dog and the kymograph have almost seemed the alpha ami the 
omega of the science. This has been made a reproach by some, but, I cannot help 
tliinking, unjustly. Physiology is, in its broad meaning, the unravelling of the 
])otentialities of things in the condition which we call living. In the higher animals 
the evolution by diferentiation has brought these potentialities, so to speak, near 
the surface, or even laid them hare as actual properties capable of being grasped. 
In the lower animals they still lie deep buried in primeval sameness ; and we may 
grope among them in vain uqless we have a clue furnished by the study of the 
higher animal. This truth seems to have been early recognised during the progress 
of the science. In the old time, observers such as Spallanzani, with but a mode- 
rate amount of accumulated knowledge behind them, and a host of problems before 
them, with but few lines of inquiry as yet definitely laid down, were free to choose 
the subjects of their investigation where they pleased, and in the wide field open 
to them prodded so to speak among all living things, indifferent whether they 
possessed a backbone or no. But it soon became obvious that the study of the 
.‘^pei/ial problems of the more highly organised creature was more fruitful, or 
at least more easily fruitful, than that of the general problems of the simpler 
forms ; and hence it came about that inquiry, as it went on, grew more and more 
limited to the former. But an increasing knowledge of the laws of life as exempli- 
lied in the differentiated phenomena of the mammal is increasingly fitting us 
for a successful attack on the more general phenomena of the lowly creatures 
possessing little more than that molecular organisation, if such a phrase be per- 
mitted, which alone supplies the conditions for the manifestation of vital activities. 
And, though it may he true that in all periods men have from time to t ime laboured 
at this theme, I think that I am not wrong in saying that the last dozen years or 
so mark a distinct departure both as regards the number of researches directed to 
it, and also, what is of greater moment, as regards the definiteness and clearness of 
the results thereby obtained. One has only to look at the results recorded in the 
>aluablo treatises of Verwoni and Biedermann, whether obtained by the authors 
themselves or by others, to feel great hope that in the immediately near future a 
notable advance will be made in our grasp of the nature of that varying collection 
of molecular conditions, potencies and changes, slimy hitherto to the intellectual 
no less than to the physical touch, which we are in the habit of denoting by the 
more or less magical word protoplasm. And perhaps one happy feature of such an 
advance will, be one step in the way of that reintegration which men of science 
fondly hope may ultimately follow the differentiation of studies now so fierce and 
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attended by many ills ; in the problems of protoplasm the animal physiologist 
touches hands with the botanist, and both find that under different names they are 
striving towards the same end. 

Closely allied to and indeed a part of the above line of inquiry is the study of 
the physiological attributes of the cell and of their connection with its intrinsic 
organisation. This is a study which, during the last dozen years, has borne no 
mean fruits ; hut it is an old study, one which has been worked at from time to 
time, reviving again and again as new methods offered new opportunities. More- 
over, it will probably come directly before us in our sectional work, and therefore 
I will say nothing more of it here. 

Still another striking feature of the past dozen years has been the advance of 
our knowledge in regard to those events of the animal body which we have now 
learnt to speak of as ^ internal secretion.’ This knowledge did not begin in this 
period. The first note was sounded long ago in the middle of the century, when 
Claude Bernard made Imown what he called ^ the glycogenic function of the liver.’ 
Men, too, were busy with the thyroid body and the suprarenal capsules long before 
the meeting of the British Association at Montreal. But it was since then, namely 
in 1889, that Minkowski published his discovery of the diabetic phenomena result- 
ing from the total removal of the pancreas. That, I venture to think, was of 
momentous value, not only as a valuanle discovery in itself, but especially, perhaps, 
in confirming and fixing our ideas as to internal secretion, and in encouraging 
further research. 

Minkowski’s investigation possessed this notable feature, that it was clear, 
sharp and decided, and, moreover, the chief factor, namely sugar, was subject to 
quantitative methods. The results of removing the thyroid body had been to a 
large extent general, often vague, and in some cases uncertain j so much so as to 
justify, to a certain extent, the doubts held by some as to the validit}^ of the con- 
clusion that the symptoms witnessed were really and simply due to the absence 
of the organ removed. The observer who removes the pancreas has to deal with 
a tangible and measurable result, the appearance of sugar in the urine. About 
this there can be no mistake, no uncertainty. And ti?e confidence thus engendered 
in the conclusion that the pancreas, besides secreting the pancreatic juice, effects 
some notable change in the blood passing through it, spread to the analogous 
conclusions concerning the thyroid and the suprarenal, and moreover suggested 
further experimental inquiry. By those inquiries all previous doubts have been 
removed; it is not now a question whether or no the thyroid carries on a so-called 
internal secretion ; the problem is reduced to finding out what it exactly does and 
how exactly it does it. Moreover, no one can at the present day suppose that this 
feature of internal secretion is confined to the thyroid, the suprarenal, and the 
pancreas ; it needs no spirit of prophecy to foretell that the coming years will add 
to physiological science a large and long chapter, the first marked distinctive verses 
of which belong to the dozen years which have just passed away. 

^ The above three lines of advance are of themselves enough to justify a certain 
pride on the part of the physiologist as to the share which his science is taking in 
the forward movements of the time. And yet I venture to think that each and all of 
these is wholly overshadowed by researches of another kind, through which 
knowledge has ipade, during the past dozen years or so, a bound so momentous 
and so far-reaching that all other results gathered in during the time seem to 
shrink into relative insignificance. 

It was a little before my period, in the year 1879, that Golgi published his modest 
note, ^ Un nuovo processo di technica microscopica,’ ’ That was the breaking out 
from the rocks of a little stream which has since swollen into a great flood. It is 
quite true that long before a new era in our knowledge of the central nervous system 
had been opened up by the works of Perrier and of Fritsch and Hitzig. Between 
1870 and 1880 progress in this branch of physiology had been continued and rapid. 
Yet that progress had left much to be desired. On the one hand the experimental 

' Hendiconti del rcale Istituto Lomba/rdo^ vol. xii. p. 206. My friend Professor 
Minot has called my attention to the fact that Golgi really p\iblished his method 
before this, \iz , in his ‘ Ricerche sulla fina struttura dei hulbi olfattorii,’ 1876, 
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inqubies, even when they were carried out with the safeguard of an adequate psychical 
analysis of the phenomena which presented themselves, and this was not always 
the case, sounded a very uncertain note, at least when they dealt with other than 
simply motor eifects. They were, moreover, not unfrequently in discord with 
clinical experience. In general the conclusions which were arrived at through 
them, save such as were based on the production of easily recognised and often 
measurable movements, were regarded by many as conclusions of the kind which 
could not he ignored, which demanded respectful attention, and yet which failed 
to carry conviction. It seemed to be risking too much to trust too implicitly to 
the apparent teaching of the results arrived at ; something appeared wanting to give 
these their full validity, to explain their full and certain meaning by showing their 
connection with what was known in other ways and by other methods. On the 
other hand, during nearly all this time, in spite of the valuable results acquired by 
tlie continually improving histological technique, by the degeneration method, and 
by the developmental method, by the study of the periods of myelination, most of 
us, at all events, were sitting down, as our forefathers had done, before the intricate 
maze of encephalic structure, fascinated by its complexity, but wondering what it 
all meant. Even when we attempted to thread our way through the relatively 
simple tangle of the spinal cord, to expect that we should ever see our way so to 
unravel out the strands of fibres, here thick, there thin, now twisting and turning, 
and anon running straight, or so to set out in definite constellations the seeming 
milky way of star-like cells, so to do this as to make the conformation of the cord 
explain the performances of which it is capable, appeared to be something beyond 
our reach. And when wo passed from the cord to those cerebral structures the 
even gross topography of which is the despair of the beginner in anatomical studies, 
the multiple maze of grey and white matter seemed to frame itself into the letters 
graven on the gateway of the city of Dis, and bid us leave all hope behind. 

What a change has come upon us during the past dozen years, and how great 
is the hope of ultimate success which we have to-day. Into what at the meeting 
at Montreal seemed a cloudy mass, in which most things were indistinct and 
doubtful, and into which each man could read images of possible mechanisms 
according as his fancy led, the method of Golgi has fallen like a clarifying drop, 
and at the present moment we are watching with interest and delight how that 
vague cloud is beginning to clear up and develop into a sharp and definite picture, 
in which lines objectively distinct and saying one thing only reveal themselves more 
and more. This is not the place to enter into details, and I will content myself 
with pointing out as illustrative of my theme the progress which is being made in 
our knowledge of how we hear and how sounds afiect us. A dozen years ago we pos- 
sessed experimental and clinical evidence which led us to believe that auditory 
impulses sweeping up the auditory nerve became developed into auditory sensations 
through events taking place in the temporo-sphenoidal convolution, and we had some 
indications that as these passed upward through the lower and middle brain the 
vstrifle acusticte and the lateral fillet had some part to play. Beyond this we knew 
but little. To-day we can with confidence construct a diagram which he who 
runs can read, showing how the impulses undergoing a relay in the tuberculum 
acusticura and accessory nucleus pass by the striae acusticse and trapezoid 
fibres to the superior olive and trapezoid nucleus, and onwards by the lateral 
fillet to the posterior corpus quadrageminum and to the cortex of the temporo- 
sphenoidal convolution. And if much, very much, yet remains to be done even 
in tracking out yet more exactly the path pursued by the impulses while they are 
still undeveloped impulses, not as yet lit up with consciousness, and in understand- 
ing the functional meaning of relays and apparently alternate routes, to say 
nothing of the deeper problems of when and how the psychical element intervenes, 
we feel that we have in our hands the clue by means of which we may hope to 
trace out clearly the mechanisms by which, whether consciousness plays its part 
or no, sounds afiect so profoundly and so diversely the movements of the body, 
and haply some time or other to tell, in a plain and exact way, the story of how 
we hear. I have thus referred to hearing because the problems connected with 
this seemed, thirteen years ago, so eminently obscure ; it appeared so pre-eminently 
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hard a task, that of tracing out the path of an auditory impulse through the con- 
fused maze of fibre and cell presented by the lower and middle brain. Of the 
mechanism of sight we seemed even then to have better knowledge, but how much 
more clearly do we, so to speak, see vision now ? Ho also with all other sensations, 
even those most obscure ones of touch and pain ; indeed, all over the nervous 
system light seems breaking in a most remarkable way. 

This great and significant progress we owe, I venture to say, to Golgi, to the 
method introduced by him ; and I for one cannot help being glad that this impor- 
tant contribution to science, as well as another contingent and most valuable one, 
the degeneration naethod of Marchi, should be among the many tokens that Italy, 
the mother of all sciences in times gone by, is now once more taking her right 
place in scientific no less than in political life. We owe, I say, this progress to 
G^olgi in the sense that the method introduced by him was the beginning of the 
new researches. We owe, moreover, to Golgi not the mere technical introduction 
of the method, hut something more. He himself pointed out the theoretical signifi- 
cance of the results which his method produced ; and if in this he has been out- 
stripped and even corrected by others, his original merit must not be allowed to 
be forgotten. Those others are many, in many lands. Among the first was one 
Frithiof Nansen, whoso brilliant though brief memoir makes us selfish physio- 
logists regret that the icy charms of the North Pole so early froze in him the 
bubbling .spring of histological research. From the rest two names stand 
out conspicuous. If rejuvenescent Italy invented the method, another ancient 
country, whose fame, once brilliant in the past, like that of Italy, suffered 
in later times an eclipse, produced the man who, above all others, has showed us how^ 
to use it. At the meeting at Montreal a voice from Spain telling of things physio- 
logical would have seemed a voice crying out of the wilderness ; to-day the name 
of Pamon-y-Cayal is in every physiologist’s mouth. That is one name, but there 
is yet another. Years ago, when those of us who are now veterans and see signs 
that it is time for us to stand aside were spelling out the primer of histology, one 
name was always before us as that of a man who touched every tissue and touched 
each well. It is a consoling thought to some of us elder ones that histological 
research seems to he an antidote to senile decay. As the companion of the young 
Spaniard in the pregnant work on the histology of the central nervous system done 
in the eighties and the nineties of the century, must be named the name of the 
man who was brilliant in the fifties, Albert von Kblliker. 

When I say that the progress of our knowledge of the central nervous system 
during the past thirteen years has been largely due to the application of the method 
of Golgi, I do not mean that it, alone and by itself, has done what has been done. 
That is not the way of science. Almost every thrust forward in science is a result- 
ant of concurrent forces working along different lines ; and in most cases at least 
significant progress comes when efforts from different quarters meet and join hands. 
And especially as regards methods it is true that their value and ell'ect depend 
on their coming at their allotted times. As I said above, neither experimental 
investigation nor clinical observation nor histological inquiry by the then known 
methods, had been idle before 1880. They had moreover borne even notable 
fruits, but one thing was lacking for their fuller fruition. The experimental and 
clinical results all postulated the existence of clear definite paths for impulses 
within the central nervous system, of paths moreover which, while clear and 
sharp, were manifold and, under certain conditions, alternate or even vicarious, 
and were so constructed that the impulses as they swept along them underwent from 
time to time — that is, at some place or other — transformations or at least changes 
in nature. But the methods of histological investigations available before that of 
Golgi, though they taught us much, failed to furnish such an analysis of the tangle 
of grey and white matter as would clearly indicate the paths required. This the 
method of Golgi did, or rather is doing. Where gold failed silver has succeeded, 
and is succeeding. Thanks to the black tract which silver when handled in a cer- 
tain way leaves behind it in the animal body, as indeed it does elsewhere, we can 
now trace out, within the central nervous system, the nathway afforded by the 
nerve cell and the nerve cell alone. We see its dendritesbranching out in various 
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directions, each alert to dance the molecular dance assigned to it at once by the 
more lasting conditions which we call structural, and the more passing ones which 
we call functional, so Sdon as some partner touch its hand. We see the body of the . 
cell with its dominant nucleus ready to obey and yet to marshal and command 
the figure so started. Wti see the neuraxon prepared to carry that figure along 
itself, it may be to far-distant parts, it may be to near ones, or to divert it along 
collaterals, it may be many, or it may be few, or to spread out at once among 
numerous seemingly equipollent branches. And whether it prove ultimately true 
or no that the figure of the dancing molecules sweeps always onwards along the 
dendrites towards the nucleus, and alway.s outwards away from the nucleus along 
the neuraxon, or whatever way in the end be shown to be the exact difierences in 
nature and action between the dendrites and the neuraxon, this at least seems sure, 
that cell plays upon cell only by such a kind of contact as seems to afford an 
opportunity for change in the figure of the dance, that is to say, in the nature of the 
impulse, and that in at least the ordinary play it is the terminal of the neuraxon 
(either of the main core or a collateral) of one cell which touches with a vibrating 
touch the dendrite or the body of some other cell. We can thus, I say, by the 
almost magic use of a silver token — I say magic use, for he who for the first time 
is shown a Golgi preparation is amazed to learn that it is such a sprawling thing 
as he sees before him which teaches so much, and yet when he comes to use it 
acquires daily increased confidencti in its worth — it is by the use of such a silver 
token that we have been able to unravel so much of the intricate tangle of the 
possible paths of nervous impulses. By themselves, the acquisition of a set of 
pictures of such black lines would he of little value. But, and this I venture to 
think is the important point, to a most remarkable extent, and witli noteworthy 
rapidity, the histological results thus arrived at, aided by analogous results reached 
by the degeneration method, especially by the newer method akin to that of Golgi, 
that of Marchi, have confirmed or at times extended and corrected the teachings 
of experimental investigation and clinical observation. It is this which gives 
strength to our present position ; we are attacking our problems along two inde- 
pendent lines. On the one hand we are tracing out anatomical paths, and laying 
bare the joints of histological machinery ; on the other hand, beginning with the 
phenomena, and analysing the manifestations of disorder, whether of our own 
making or no, as well as oP order, wo are striving to delineate the machinery by 
help of its action. When the results of the two methods coincide, we maybe con- 
fident that we are on the road of all truth ; when they disagree, the very disagree- 
ment serves as the starting-point for fresh inquiries along the one line or the other. 

Fruitful as have been the labours of the past dozen years, we mey rightly con- 
sider them as but the earnest of that which is to come ; and those of us who are 
far down on the slope of life may wistfully look forward to the next meeting of 
the Association on these Western shores, wondering what marvels will then be told. 

Physiology, even in the narrower sense to which, by emphasis on the wavering 
Imrrier which parts the animal from the plant, it is restricted in this Section, deals 
with many kinds of being, and with many things in each. But, somewhat as 
man, in one aspect a tiny fragment of the world, still more of the universe, in 
another aspect looms so great as to overshadow everything else, so the nervous 
.system, seen from one point of view, is no more than a mere part of the whole 
organism, but, seen from another point of view, seems by its importance to swallow 
up all the rest. As man is apt to look upon all other things as mainly subserving 
his interests and purposes, so the physiologist, but with more justice, may regard 
all the rest of the body as mainly subserving the welfare of the nervous system ; 
and, as man was created last, so our natural knowledge of the working of that 
nervous system has been the latest in its growth. But, if there he any truth in 
what I have urged to-day, we are witnessing a growth which promises to be as 
rapid as it has seemed to be delayed. Little spirit of prophecy is needed to foretell 
that in the not so distant future the teacher of physiology will hurry over the 
themes on which he now dwells so long, in order that he may have time to 
expound the most important of all -the truths which he has to tell, those which 
have to do with the manifold workings of the brain. 
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And I will be here so bold as to dare to point out that this development of hi& 
science must, in the times to come, influence the attitude of the physiologist 
towards the world, and ought to influence the attitude of the world towards him. 
I imagine that if a plebiscite, limited even to instructed, I might almost say 
scientitic, men, were taken at the present moment, it would be found that the 
most prevalent conception of physiology is that it is n something which is in some 
way an appendage to the art of medicine. That physiology is, and always must 
be, the basis of the science of healing, is so much a truism that T would not venture 
to repeat it here were it not that some of those enemies, alike to science and 
humanity, who are at times called anti-vivisectioniste, and whose zeal often 
outruns, not only discretion, but even truth, have quite recently asserted that I think 
otherwise. Should such a hallucination ever threaten to possess me, I should only 
have to turn to the little we yet know of the physiology of the nervous system 
and remind myself how groat a help the results of pure physiological curiosity — I 
repeat the words, pure physiological curiosity, for curiosity^ is the mother of 
science — have been, alike to the surgeon and the physician, in tlie treatment of 
those in some way most afflicting maladies, the diseases of the nervous system. 
No, physiology is, and always must be, the basis of the science of healing ; but it is 
something more. When physiology is dealing with those parts of the body which 
we call muscular, vascular, glandular tissues and the like, rightly hanaled she 
points out the way not only to mend that which is hurt, to repair the damages of 
bad usage and disease, but so to train the growing tissues and to guide the grown 
ones as that the best use may be made of tltem for the purposes of life. She not 
only heals, she governs and educates. Nor does she do otherwise when she comes 
to deal with the nervous tissues. Nay, it is the very prerogative of these nervous 
tissues that their life is above that of all the other tissues, contingent on the envi- 
ronment and susceptible of education. If increasing knowledge gives us increasing 
power so to mould a muscular fibre that it shall play to the best the part which it 
has to play in life, the little knowledge we at present possess gives us at least much 
confidence in a coming far greater power over the nerve cell. This is not the place 
to plunge into the deep waters of the relation which the body bears to the mind ; 
but this at least stares us in the face, that changes in what we call the body bring 
about changes in what we call the mind. When we alter the one, w’e alter the 
other. If, as the whole past liistory of our science leads us to expect, in the coming 
years a clearer and deeper insight into the nature and conditions of that molecular 
dance which is to us the material token of nervous action, and a fuller, exactor 
knowledge of the laws which govern the sweep of nervous impulses along fibre and 
cell, give us wider and director command over the moulding of the growing ner- 
vous mechanism and the maintenance and regulation of the grown one, then 
assuredly physiology will take its place as a judge of appeal in questions not only 
of tlie body, but of the mind ; it will raise its voice not in the hospital and co-n- 
sulting-room only, but also in the senate and the school. 

One word more. We physiologists are sorely tempted towards self-righteous- 
ness, for we enjoy that blessedness which comes when men revile you and persecute 
you and say all manner of evil against you falsely. In the mother-country our 
hands are tied by an Act which was defined by one of the highest legal authorities 
as a ^ penal ^ Act ; and though with us, as with others, difficulties may have 
awakened activity, our science suffers from the action of the State. And some 
there are who would go still farther than the State has gone, though that is far, 
who would take from us even that which we have, and bid us make bricks wholly 
without straw. To go back is always a hard thing, and we in England can 
hardly look to any great betterment for at least many years to come. But 
unless what I have ventured to put before you to-day be a mocking phantasm, 
unworthy of this great Association and this great occasion, England in this 
respect at least offers an example to be shunned alike by her offspring and her* 
fellows. 
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The folio win Papers were read ; — 

1. The Rhythm of /^'mooth 3Iuscles, By Professor H. P. Bow ditch. 

Gaskell (‘Journal of Physics,’ iv. 118) has called attention to the fact that the 
three sorts of muscle fibre recog-nised by physiologists — namely, striped, smooth and 
cardiac fibres — are each characterised by the special development of a particular 
form of activity, but that each kind of muscle possesses to a certain degree the 
forms of activity which specially characterise the other kinds. Thus the power of 
rapid contraction, which is most highly developed in striped muscles to serve the 
purjiose of locomotion, is possessed in a lesser degree by t he cardiac, and in a still 
less degree by the smooth muscles, whereas the xiower of tonic conti’action, 
strikingly manifested by smooth muscles, is much leas marked in the cardiac and 
striped muscles, and rhythmical contraction, which is the special function of the 
cardiac muscle, is a phenomenon of subordinate importance in the smooth and 
striped muscles. The following table represents the order in which the three 
sorts of muscles stand with regard to the manifestation of the three forms of 
activity. 


~ 

Rapidity 

1 Tonicity 

Rhythm 

1. 

Striped 

1 Smooth 

Cardiac 

2. 

Cardiac 

i Cardiac 

Smooth 

3. 

Smooth 

Striped 

Striped 


It is evident, therefore, that the phenomenon of muscular contraction may be 
conveniently studied under the nine headings indicated in the table, and in this 
(“ommunication the author desired to call attention to a few observations which he 
has made under one of these headings — viz , that of the rhythmical contraction of 
smooth muscle fibres. Many of the observations which are here referred to were 
made ten years ago by K. W. Lovett, but have remained unpublished because the 
complicated nature of the phenomenon rendered positive conclusions difficult to 
draw. The material used was a set of three rings of muscular tissue, one or 
more mm. in width, taken from the cardiac, the middle, and the pyloric portion 
of the stomach of the frog by sections perpendicular to the axis of the organ. 
These rings were attached to the recording apparatus by metal hooks, which served 
at the same time as electrodes, though in the experiments to be reported no 
electrical stimulation was used.’ 

The ciu’vea were traced upward on the smoked surface of a cylinder which 
could be adjusted to revohe once in a hour, or once in twelve hours. The method 
of procedure was in general to take the tracing during an hour with the more- 
rapid movement of the drum, and then to shift the cylinder on to the slower 
movement. 

The results of Dr. Lovett’s observations may be summarised as follows : — 

1. About 50 per cent, of the preparations manifested spontaneous activity' as 
soon as they were attached to the apparatus. 

2. In about 18 per cent, of the observations the beginning of the activity 
occurred after a period of 20 secs, to 8 hours. 

3. In 7 per cent, of the cases the delay was more than 3 hours. 

4. Thirty per cent, of the preparations remained inactive. 

5. Cases of delayed activity and of total inactivity were more frequent in the- 
middle and pyloric than in the cardiac portion of the stomach. 

* This method is the same as that employed by Morgen ( Untenucliungeiu a»d. 
PJnjs. Inst. Univ. Halle Heft, ii. p. 13J), 1890) in studying the irritability of smootlr 
muscles. It is to be noted, however, that in Morgen’s experiments spontaneous 
movements of the stomach ceased after about twenty minutes, while in Dr. Lovett’s> 
experiments they lasted many hours. 
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0.^ The duration of the activity varied from 45 secs, to 24 hours. The average 
duration was — 

For the cardiac portion .... 101 hours. 

„ middle „ . . . . lOl „ 

„ pyloric „ . . . . 7'l „ 

7. The contractions of the middle and pyloric portions were, as a rule, more 
simple and regular than those of the pyloric portion of the stomacli. See also 
Ducceschi (‘ Ar. It., de Biol.’ xxvii. 61), Experiments on dog’s stomach. 

Quite recently (March, 1807), the apparatus being brought into use in a cla.^s 
demonstration, the tracings of one of the pieces of stomach wa.s observed to present 
an apnearance which suggested the idea that the curve was a compound one 
formed by the superposition of two sets of rhythmical contractions differing from 
each other slightly in rate. Diagrams were shown which illustrate two cases of 
this phenomenon, in one of which there was a difference of 5 and in the other a 
difference of 17 seconds in the rate of the constituent rhythms. 

Another form of rhythm occasionally presented by smooth mu-scles studied in 
this way is the repetition of a complicated .set of contractions, the separate con- 
tractions^ of each set differing from each other in appearance, but the set as a 
"whole being a repetition of the previous set. 

It is evident that if two or more such complicated sets of contraction occur 
simultaneously in the same preparation, the resulting curve will be of a nature to 
almost defy analysis, * 

A few experiments directed to the det(‘rmination of the influence of hunger 
and digestion upon the nature of the gastric movements led to no definite result. 

Neither was any connection to be observed between the width of the muscular 
ricg and the complication of the curve. 

2. The Innervation of Motor Tissues^ tvith esvecial reference to JTcrve- 

endings in the Sensory Mtiscle-spindles, By Professor O. Caki. 
Huber, J/.i)., and M-s. Db Witt. 

The observations here recorded were made with the methylen-blue method, as 
modified by Bethe. A 1 per cent, solution of methylen-blue was injected into 
the blood-vessels ; the tissues to be studied were fixed in ammonium molybdate, 
sectioned, and double-stained in alum carmine. 

The results obtained were as follows : — 

Nerve-onding in Striated Muscle (rabbit and frog). The iicuraxis of the motor 
neurons terminates, under the sarcolemma, in an end-brush, the fibrils of whicli 
present the same structure as the neuraxis itself. The so-called ‘ sole ’ is an accu- 
inulatioii of sar coplasma, at the place of ending of the motor nerve-fibre, which is 
continuous with the sarcoplasma ol the muscle-fibre. The ‘sole nuclei’ are 
muscle-nuclei. 

Iterve-cndmg in Heart-muscle (cat). Heart-muscle receives its innerv.ation 
from sympathetic nerve -cells. The neuraxes of such nerve-cells terminate in 
varicose fibrils which end on the heart muscle-cell in small bulbar enlargements 
or in small clusters of such hulbur enlargements. 

Nerve-endiriy in Involuntary Smooth Muscles (Intestine of cat, frog, and tor- 
toise). Involuntary smooth muscle receives its nerve-supply from sympathetic 
nerve-cells. The neuraxes of the sympathetic neurons innervating involuntary 
muscle end, after repeated branching, in small knobs which rest on the spindle- 
shaped muscle cells, often near the nucleus. 

Nerve-ending in Muscle-spindle. Muscle-spindles were described by Kolliker 
(under the name ^ Muskel-Knospen ’) in frog’s muscle as early as 1862. They 
were soon after found by Kiihne in the voluntary muscles of other vertebrates, 
omce that time they have been repeatedly described and variously interpreted. 
They were described as growth-centres by Kolliker, Bremer, Felix, v. Franque, 
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Trinchese, Thaiilioirer, and Volkmann ; as pathological structures hy Frunkel,Eisen- 
lolir, Millbacher, Eichliorst, Babinski, and Meyer; as physiological btructures, 
Avithoiit however assigning any special function to them, by Mays, Roth, Blocq 
and Marinesco, Pilliet, Christomanson and Strossner; and finally, as sensorial 
nerve-endings, by Kerschner, RulFini, Sherrington, and Sihler : Sherrington having 
shown conclusively by the degeneration-method that the spindle-nerves are spinal 
root-ganglion nerves. 

VVe were concerned more particularly with the ending of the spindle-norv’es in 
the muscle-spindles ; our observations were as follows : — 

In the frog the spindle-nerves terminate in tine, varicose fibrils, which run 
along, outside of the sarcolerama, on the intrafusal fibres. 

In the snake only one intrafusal muscle-fibre is found in the muscle-spindles. 
The spindle-nerve enters the spindle from the pole, and breaks up into several 
nonmedullated branches, which follow along by the side of the intrafusal fibres, 
giving otfin their course flat, band-like oil-shoots, which partly or completel}^ 
i iicirclo the intrafusal fibre. 

In the tortoise the spindle-nerves end in nonmed ullated branches, which flatten 
out into irregular, notched endings having a serpentine course on the intrafusal 
fibres. 

In the bird the spindle-nerves terminate in nonmedullated fibres, which have 
the appearance of a repeatedly folded ribbon. 

In 7nammalia the spindle-nerv^es terminate in ribbori-like endings, which are 
often distinctly wound around the intrafusal fibre (dog, cat and rat) in the form of 
a spiral— annulo-spiral endings ; or may branch and have a zigzag course on the 
intrafusal fibre, in which case few spirals are seen (rabbit and probably also man). 
'ITie ribbon-like nonmedullated fibres terminate by branching and ending in disc- 
like expansion — flower-like endings of Rutfini. 

Some few observations are at hand which go to show that the intrafusal fibres 
have a motorial ending. In this respect we corroborate Kerschner. 

We have regarded the muscle-spindles as sensorial end- organs. 


3. The Muscle- 82nndles in. Pathological Conditions, By O. E. F. Gkunbaum. 


4. The Ear and the Lateral Line in Fishes.^ By Frederic S. Lee, Ph.D, 

The chief morphological facts upon which the theory of the origin of the ear 
from the system of the lateral line is based are similarity in structure of the adult 
organs, in innervation, and in ontogeny. Physiology seems able to present at least 
circumstantial evidence in favour of this theory, 'fhe author has investigated the 
functions of the ear and the sense-organs of the lateral line in fishes. 

I . The Ear. — The results may he tabulated as follows : — 

Functions of the Ear Sense-organs 

I. Dynamical functions in > 1. Rotary movements. CristiC acusticffi. 

recognition of . . ) 2. Progressive movements. Macula} acusticse. 

^reco^ition”of“? Po^Hion in space. Macul;c acustic®. 

The above functions are divisions of the general function of equilibration ; the 
sense-organs of the ear deal with the equilibrium of the body under all circum- 
stances, both in movement and at rest. 

In vertebrates above the fishes we must add to the above : 

III. Auditory functions in \ 4. Vibratory motions. Papilla acustica basi- 

recognition of . . j laris. 

Experiments by the author and by Kreidl prove that fishes do not possess the 
power of audition. Hence the ear in fishes is purely equilibrative in function. 

* Published in the Am. Journ. of Physiology ^ Jan. 1808. 
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2, The Lateral Line . — Simple cuttinp: of the lateral nerve or destruction of 
the lateral org’ans does not seem to aftect equilibrium. But destruction of the- 
organs, combined with removal of th ^ pectoral and pelvic fins, causes marked 
lack of equilibrium, manifested by uncertain, ill-regulated movements ; removal of 
fins alone has no pronounced elfoct. Central stimulation of the lateral nerve 
causes the same compensating movements of the fins as does stimulation of the 
acoustic of the opposite side. These results make it probable that the organs of 
the lateral line are equilibrative in function, and are employed in the recognition 
of currents in the water and of movements of the body through the water. The 
results of Bonnier and of Fuchs are in harmony with this. 

This was probably the primitive function. By the inclosure within the skull 
of a bitot the lateral line and the difterentiation and refinement of its sense-organs, 
a more perfect organ of appreciation of movement, and hence of equilibrium, was 
evolved in the ear. Along with the appearance of land animals a portion of thi& 
organ became^ still more differentiated and refined and, as the papilla acustica 
acquired the power of appreciating the movements that we call sound. 
Thus equilibration and audition became associated in the same organ. 


5. On the Effect of Frequency of Excitations on the Contractility of 
Muscle. By Professor W. P. Lombard. 

6. A Dynamometric Study of the Strength of the Several Gro'nps of 

MitscleSy and the Belation of Corresponding Homologous Groups oj 

Muscles in Man. By J. H, Kellogg, M.D. 

In the Paper the author describes a new dynamometer so constructed that it 
may be conveniently employed in testing the strength of each of the important 
groups of muscles in the body. By means of this apparatus charts have been pre- 
pared whereby the strength of each muscular group in the individual may be com- 
pared with the strength of those of the average man or the average woman, or the 
average man or woman of the same height. 

By a study of the tabulated results of several thousand examinations the 
author has been able to formulate a series of new physical coefficients, tlie chief of 
which are the following : — 

1. The strength-weight coefficient is obtained by dividing the total strength 
in kilograms by the weight in kilograms, the result showing the number of kilo- 
grams which a person is able to lift for each kilogram of his own weight. This 
coefficient expresses the dynamic value or capacity of a person’s body. 

2. The respiratory-weight coefficient, obtained by multiplying the lung capa- 
city in litres as shown by the spirometer, by the respiratory strength in kilograms, 
and dividing the result by the body weight in kilograms. This coefficient expresses 
the respiratory capacity for each kilogram. 

3. The strength-height coefficient, obtained by dividing the total strength in 

total height in millimetres. This coefficient expresses the number 
of kilograms which an individual is able to lift for each millimetre in height. 

4. The respiratory-height coefficient, obtained by multiplying the lung capacity 
in. litres by the respiratory strength in kilograms and dividing by the height in 
millimetres. This coefficient represents the respiratory capacity of the individual 
for each millimetre in height. 

5. The coefficient of vital efficiency, obtained by dividing the respiratory- 
weight coefficient by the strength-weight coefficient. This coefficient combines 
m one expression the relations represented by the respiratory-weight and the 
strength-weight coefficients, and represents the relation of a person’s respiratory 
capacity to his working capacity. 

6. The coefficient of vital development, obtained by dividing the respiratory- 
height by the strength-height coefficient, which combines in one expression tho 
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Telations represented by the respiratory-height and the strength-height coefficient 
respectively, and indicates at once whether a person’s respiratory development is 
properly proportioned to his motor development. 

The same data from which these several coefficients are deduced afford oppor- 
tunity for the formulation of a coefficient relating to any individual group of 
muscles. 

The extend ed study of the strength of various muscular groups by comparison 
with each other and with the strength of the body as a whole, or of distinct sec- 
tions of the body, has developed numerous interesting relations. In this compara- 
tive study chief attention has been given to the following points : — 

1. The relative strength of each group of the muscles, and of each division of 
the body, and also of the total muscular strength, as compared with the average 
weight of the body. 

2. The strength of each group of muscles, of the muscles of each of the principal 
divisions of the body, and of the total strength of the body compared with the 
average height in inches. 

3. The strength of each group of muscles, and of the muscles of each of the 
principal divisions of the body, as compared with the total strength. 

4. The strength of each group of muscles (right and left together) as compared 
with the strength of the corresponding division of the body. 

6. The strength of the muscles of the left side of the body as compared with 
those of the right side of the body. 

6. The strength of each group of muscles, of the muscles of each division of 
the body, and the total strength in women as compared with the same in men. 

7. The strength of each group of muscles as compared with the antagonising 
group. 

8. The strength of the muscles of the arms as compared with the homologous 
or corresponding muscles of the legs. 

9. A study of the muscular strength of men as compared with that of women 
of the same height. 

10. A study of the muscular strength in short men and short women as com- 
pared respectively with that of tall men and tall women. 


FRIDAY, AUGUST 20. 

The following Papers and lleport were read : — 

1, The OiUput of the Afammalian Heart, By Dr. G. X. Stewart. 

We possess at present very few data for the determination of the amount ol 
blood thrown out by the left ventricle at each beat. The direct estimation of this 
important physiological quantity by the introduction of a ‘Stromuhr’ in the 
undivided aorta (according to the method of Tigerstedt, in the rabbit), or by the 
insertion of a measuring cylinder in the course of the lesser circulation, after the 
great systemic vessels have been tied (as Stolnikow has done in the dog), is not 
only beset with experimental difficulties, but the results obtained under conditions 
so highly artificial can hardly ho apnlied with any confidence to the problems of 
the normal and unobstructed blood-now. The author of this paper has, accordingly, 
re-examined the question by means of a new method, and by its aid has measured 
the output of the heart in a series of dogs, more than twenty in number, and 
ranging in weight from 5 to nearly 35 kilograms. 

Method . — A solution of a substance which can be easily recognised and quanti- 
tatively estimated in the blood (1 *5 or 2 per cent, sodium chloride) is allowed to 
flow for a measured time, not greater than the circulation time (usually 10-15 sec.) 
into the heart. The solution is delivered from a. burette connected either with a 
catheter passed through the jugular vein down nearly to the right auricle (or into 
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with a glass tube inserted through the carotid artery into the left 
In the latter case, a valve in the course of the connecting tube prevents 
i£-flow of blood. Both femoral arteries (or sometimes both brachials) are 
i. A cannula (collecting cannula) is inserted into a branch of one of the 
.ies and the other is laid on two hook-shaped platinum electrodes connected 
ith the Wheatstone’s bridge, with which a telephone is connected in the usual way. 
Weak induction shocks from the secondary of a du Bois coil are sent through ihv 
arrangement, including the piece of arteiy on the electrodes, and the bridge is 
balanced. When the mixture of blood and salt solution reaches the electrodes the 
balance is upset, and the telephone announces the moment of arrival of the mixtui’e. 
A sample of blood is now drawn off by means of the collecting cannula, during 
the passage of the salt solution, and immediately defibrinated. Then it can be 
determined at leisure how much of the salt solution must be added to a sample 
collected before the injection to make its resistance equal to that of the sample 
collected during the passage of the mixture. Numerous observations can be made 
in this way ou one animal; and from these data the output of the heart for tlie 
period of injection, and, therefore, the pulse-ratt* being known, for a single beat, can 
be calculated. 

Specimens of Reavlts . — In a dog weighing o2'2() kilo, the average output (for 
the first shx observations) was 6G 8c.c. per boat, equal to 2*71 c.c. per kilo, of body- 
weight per second, with an average pulse-rate of 1*54 per second. In a dog of 
body-weight C>*48 kilo., the average output was 14*8 c.c. per heat, or P>'52 c.c. per 
kilo, per second for an average pulse-rate df 1*01. In an animal of intermediat(i 
size (18*2 kilo.) the average output for the first five observations was 41*0 c.c. per 
beat, or 2‘31 c.c. per kilo, per second for an average pulse-rate of 1*01. 

In general it may be said that the results of these experiments go to show that, 
the more recent measurements of Tigorstedt and Stolnikow are too low, while the 
older numbers of Volkmann and Vierordt are too high. 

The animals were all completely anaesthetised with morphia and ether, or ACE 
mixture, and were killed before recovering from the amesthetic. 

[Published in full in Journ. of Physiologtj, 1807, v. xxii., p. 159]. 


2. Observations on the Mammalian Heart, Ihj W. T. Pouter. 

Experimental evidence was offered in support of the following propositions : 

A. On the cause of the heart-beat. 

1, The cause of the rhythmic contraction of the ventricle lies within the 
ventricle itself. 

2. The cause of the rhythmic contraction is not a single, localised co-ordination 
centre ; the co-ordination mechanism, whatever it may be, is present in all parts 
of the ventricle. 

0. The integrity of the whole ventricle is not essential to the co-ordinated 
contraction of a part of the ventricle. 

4. The apex of the mammalian heart possesses spontaneous rhythmic contrac- 
tility. 

5. Assuming that the general belief in the absence of nerve-cells from tlie 
apical part of the ventricle is correct, these experiments demonstrate that nerve- 
cells are not essential to spontaneous, long-continued, co-ordinated contractions of 
the ventricle. 

B. Fibrillary contractions do not destroy beyond recall the power of normal 
rhythmic, co-ordinated contraction of the heart muscle. 

C. The influence of ventricular systole on the blood-Jlow through the heart 
muscle. 

1. The contraction of the heart compresses the blood-vessels in the substance 
of the heart. 

2. The systole aids the circulation of the blood through the heart muscle. 
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3. The ventricle acts on the coronary circulation as a force-pump, and not, to 
any iioticeahle extent, as a suction-pump. 

D. The circulation through the veins of Thehesius. 

1. The nutrition of the mammalian heart may be maintained through the 
vessels of Thehesius in a degree sufficient to give long-continued rhythmic contrac- 
tions while the coronary arteries are empty. 

2. The ciiculation through the veins of Thehesius is prohahly an important 
source of nutrition m hearts in wliicli the coronary arteries have heen obstructed 
by pathological processes. 


o. On tkr Rcyistancc of the Vascidor Channels. Bif Professor K. Hurthle. 

For every scientific investigation of the flow of fluid through a tube or system 
of tubes a knowledge of the three following factors is necessary : — 

(1) The pressure at the inlet and outlet of the tube (difierence = h). 

(2) The velocity of flow, or the quantity of fluid flowing through in an unit of 
time - Q. 

(3) The re‘'istancc oflered to the flow. 

Concerning the first two factors in the movement of the blood we have data 
sufficient for most purposes, but of the third we have no clear conception, since we 
possess no standard of resistance of the vascular channels. 

The amount of this resistance depends on two factors: — ■ 

(1) The internal friction of the blood. 

(2) The dimensions of the tubular system. 

'riieso two factors must therefore first be determined. 

1. The method used to determine the internal friction of living blood consists 
in allowing the blood from (eg.) the carotid of an animal to How through accu- 
rately calibrated capillary tubes for about thirty seconds, the quantity, the pres- 
sure and the time of How being accurately measured, the last to within jJ,, second. 

It was proved that this method, in spite of the short period of observation, 
gives reliahJe results by determining with it the interjml friction of distilled water. 
1’lie value obtained was the same as that by Poiseuille. 

In the same series of (‘xperiments it was also shown that the Internal friction 
can he ascertained (nen when the jirossure varies rhythmically, the outHow being 
always proportional to tlie mean pressure, whether the pressure he constant or 
variable. 

The measurements of the internal friction of the blood of diflerent animals by 
this method gave the following results. The ratio of the internal friction of dis- 
tilled water at 37^ C. (7: - 4700) to that of the blood is — 

In the dog = I : 4*5 (K » 1,045). 

In the cat == 1 : 4*1 (K = 1,140). 

In the rabbit - I ; 3-2 (K - 1,475). 


'2. Direct determination of the external resistance by measurement of the 
dimension of the system of tubes is impossible, since the v ariation in tonus causes 
considerable diliereiices in the calibre of the blood-vessels. But if in any par- 
ticular organ we know (1) the quantity of blood flowing tlirough in an unit of 
time ( = Q), (2) the arterial pressure ( = 6), (3) the coefficient of internal friction 
of the blood ( = A:), 




whore d is the diameter, and 1 the length of the tube. 


we can, by Poiseuille's law, calculate the dimensions of a tube through which, 
under the given conditions, the same quantity of blood would flow. Such a tube 
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YiTould represent a numerically expressible resistance. On this basis the following 
calculations of resistances were made, using B. Tigerstedt’s measurements of 
velocity : — 


V ascular 
channel 

Arterial 
blood prea- 
Bure 

(in mm. Hg.) 

Vol. of blood 
flowing 

1 through per 
sec. (cub. mm.) 

Coeff. of 
internal 
friction 

Resistance 
as tul 

(1) diameterj 
in m m. 

expressed 
be of 1 

(2) length I 
in m. 

Dog’s kidney 

75 

1000 

1045 

4-G 

35 m. j 

weighing 100 gr. 




(diam.of re-j 


normal 




nal artery) 

1 

The same af- 

77 

1G17 

1046 

1 4-6 ! 

22 m. 

ter injection of 






diuretics 






Aortic area of 

98 

2000 ; 

1175 

8 1 

300 m. i 

rabbit weighing 




(diam, of 

1 

1,500 grm. 




aorta) 



B}" this means the author proposes to measure the resistance through the 
several organs and the entire vascular course. In this manner an idea can be 
obtained not only of the amount of resistance in the various vascular paths, hut 
probably also several data for explaining the diameter of the blood-vessels, and 
the thickness of their walls, For instance, for reasons into which it is not necessary 
to enter here, it must not be concluded from the striking dilference in length of the 
aortic and renal path that the resistance of the aortic patli is comparatively 
greater than that of the renal path. The explanation is rather that the aorta lias 
a greater relative diameter than all the other organs, and is to ho regarded not so 
much as a pipe as an elastic reservoir with the function of an air vessel. 


4. 21ie Comparative Physiology of the Cardiac Branches of the Vagits 
Nerve, By Dr, W. H. Gaskell, F.E.S, 


5. On Rhythmical Variations in the Strength of the Contractions of the 
Mammalian Heart. By Artjiur R. CasiiNY. 

Periodic variations in the force of the contraction of the auricle and 
ventricle occur after the injection of lielleborein, as Knoll has pointed out. I 
have observed them after a number of other poisons, and occasionally during 
electrical stimulation of the dog’s ventricle. The movements of the heart were 
registered by a modified form of the Koy Adami myocardiograph. 'I’hese variations 
seem independent of any inhibitory action, and occur only when tlie ventricle con- 
tracts spontaneously in a different rhythm from the auricle, and so that during a 
complete period the rhythm of the ventricle exceeds tliat of tlie auricle by one 
complete contraction (R 2 ; = R« + 1). When the idioventricular rhythm gives rise 
to a regular auricular one, no periodic variations are observed. The ultimate cause 
of the variations is the alteration of the relation between the auricular and ventri- 
cular systoles. When the As occurs in its normal position — during Yd —both A.s 
and Yd are very complete, because the blood enters the ventricle freely, and the 
latter has not to dilate against a negative pressure, nor the auricle to con- 
tract against resistance. When the As occurs during the Ys^ on the other band, 
both are weakened, because the auricle has to contract against the systolic ventri- 
cular pr(^ssure, and, on the other part, the ventricle contracts against the resistance 
offered hy the blood current entering it from the auricle. At the same time the 
auricle fails to supply blood to the ventricle during its relaxation, and the latter 
is therefore incomplete. The exit of the blood from the auricle is hindered, and it 
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therefore becomes much distended. Periods of large ventricular diastoles and 
systoles and large auricular systoles thereof alternate with others of small ventri- 
cular movements and weak systoles and great distension of the auricle. 

These periods are best seen in the beginning of the irregular stage of poisoning 
with substances of the digitalis group, where the irritability of the ventricle has 
been increased just enough to cause a slightly more rapid rhythm than that supplied 
from the auricle. As the irritability is further augmented, the periods become 
shorter and less distinct. I have observed this periodic variation once (under 
caffein), where Ki; = — 1. 

Occasionally another form of rhythmic irregularity occurs, in which Ry = 

— 2. Ill tliis case a secondary period occurs during the primary one, and the 
whole period is distinctly less regular. When llv = Ra — 3 the periodic variations 
become still more difficult to trace, and when the divergence between lly and Ra 
is still greater all appearance of periodicity is lost. 

In the normal lieart the position of the As in the ventricular cycle varies from 
tlie first third of the diastole to the extreme end of the diastolic pause, and may 
even be prolonged into the ventricular systole. The efficiency of the heart must 
be affected by this factor, least work being wasted when the auricular systole 
corresponds with the first part of the ventricular relaxation, and a considerable 
amount of energy being expended in the mutual opposition of the auricle and 
ventricle, when the systole of the former overlaps into that of the latter. 


6. Heport on the Physiological Effects of Peptone and its Precarsors. 
See Reports, p. 531. 


7. The Absorption of Seriim in the Intestine. By E. Waymoutii Reid, 
Professor of Physiology in University College^ Dundee. 

Heidenhabi ^ demonstrated the fact that the water, organic and inorganic 
solids of serum introduced into the intestine, are absorbed. 

The experiment was devised in support of the theory that intestinal absorption 
is possible under conditions in which osmotic transfer is excluded. 

It was found that even inspissated serum is absorbed, and that at no time 
during the course of the experiment is a serum with a lower percentage of solids 
than that of the experimental animal found in the loop of gut, thus meeting the 
objection (so far as the absorption of the solids is concerned) that in such cases 
the serum introduced into the gut is diluted by water from the siar-ua entericus, 

Heidenhain omitted to measure the hydrostatic pressure on either side of the 
intestinal membrane, so that the possibility of the result being duo to filtration 
wag not excluded; and, indeed, the ancient filtration tlieory of Liebei'khhn^ has, 
with the necessary modern histological modifications, been revived of late by 
Ilamhurger.^ In the experiments now described, the animal’s own serum (obtained 
by tlie centrifugal machine) was introduced into a loop of its intestine, and the hydro- 
static pressure in the cavity of the experimental loop, and in a mesenteric vein 
proceeding from a control loop, filled with ‘ normal saline ' solution, observed 
continuously during the course of the experiment. 

As will be seen from the cases quoted, water, organic and inorganic solids, are 
absorbed against considerable excess of hydrostatic pressure in the blood-vessels. 
(Since the velocity of the blood stream in capillaries is low, it is taken for granted 
that the pressure in the capillaries of the intestmal villi is not lower than that in 
a mesenteric vein at the border of the gut.) 

The experiment presents practically the same features ^ohen all the lacteals 

* PJliiger's Archiv^ 1894, Bd. Ivi. s. 679. 

* Defahrica et actione villoruni^ 1767. 

’ Du JB&is^Reymond't Archiv, 1896, s. 428. 

1897 . 3 G 
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leaving the experimental loop of intestine have been occluded by ligature. (See 
Experiments III. and IV.) 

Expekiment I. 


Dog, 17'5 kilos. 80 cm. loop of gut. Duration of experiment, 1 hour. 



Organic Solids 

Inorganic Solids 

Introduced 50 c.c. of own serum holding . 3 3600 grms. 

•4500 grm 

Recovered 22 c.c. of serum holding . . 2*347 4 grms. 

*1870 grni. 


Absorbed during the Hour. 


Water . 

. 28 c.c. i.e. 

56*00 per cent. 

Organic Solids 

. 1 002(> grms. i.e. 

29*92 per cent. 

Inorganic Solids . 

•26.30 grm. i.e. 

58*46 per cent. 


Pi'essures in mni. of Mercury. 


Time 

Vein 

Gut 

12.0 Start 



12.0 . 

18*4 

5*0 

12.10 . 

. 16*1 

5 0 

12.20 . 

16*1 

60 

12.30 . 

• 15*0 

5*5 

12.40 . 

. • . . 16*4 

4*5 

12.60 . 

13*6 

4*0 

1.0 Stop 




Lower inys of Freezing-point. 


Introduced Serum 

Removed Serum Serum of Dog at end 


of Experiment 

A ='598 A =•.■>28 A = 008 

Experiment II. 

Dog, 20 kilos. 80 cm. loop of gut. Duration of experiment, 1 hour. 

Organic Solids Inorganic Solids 

Introduced 50 c.c. of own serum holding . 3*4.3.oO grms. -1550 grm. 

Recovered 18’5 c.c. of serum holding . 2*0046 gnus. *1(128 grm 


Absorbed durtJig the Hour. 


Water .... 

. 31*5 c c. 

i.e. 63 00 pei cent. 

Organic Solids . 

. 1*3704 grms. 

i.e. 39 89 per cent. 

Inorganic Solids 

. *2922 grm. 

i.e. 61*22 per cent. 

Pressures in mm. of Mercury. 


Time 

12 5 Start 

Vein 

Gut 

12.10 

. 10 7 

2 0 

12.20 

. 11 6 

2*0 

12.30 

. 11*1 

20 

12.40 

. 11*5 

3*0 

12.60 

. 11*4 

3 0 

1.0 

1.5 Stop. 

. Clot 

3 0 

Lowerings of Freezing-point. 


Introduced Serum 

Removed Serum 

Serum of Dog at end 
ot Exponment 

A = *593 

A = *5.50 

A = *600 


Experiment III. 

Dog, 22 kilo.s. 80 cm. loop of gut. Duration of experiment, 1 hour. 
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All Lacteals of Experimental Loop Ligatured, 

Orpjanic Solids Inorganic Solids 

hUrodiiced 50 c.c. of own serum holding . 3‘6460 grms, *4500 grm. 

Recovered 25 c.c. of scrum holding • 2‘6080 grms, *2220 grm. 


Water. 

Organic, SoUdnt . 
Inorganic Solids 


Time 
12-20 
12-25 
12 35 
12 45 
12 55 
1-0 
1-15 
1 20 


Absorbed during the Hour. 

, . . . 25 c.c. 

. 10370 grms. 
. -2280 grm. 

Pressures in 'item, of Her cmg. 

Vein 

Staid 

. 15 4 
. 16 9 
. 17-3 
. 21 5 
. 16 9 
. 17-3 


i.e. 50*00 per cent, 
i.c. 28*45 per cent, 
i.e. 60*67 per cent. 


Gut 

3 

2*6 
2-5 
2*5 
20 
2 0 


Sioj) 


Lou crings of Freezing-point, 
Removed Serum 


Serum of Dog at end 
of Experiment 
A -590 


Introduced Serum 

A =*615 A - 580 

li^XPEllI.MENT IV. 

Dog, 20 kilo.s. 80 cm. loop of gut. Duration of experiment, 1 hour. 

All Lacteals of Evpcrimental Loop Ligatured, 

Organic Solids InorgMic Solids 


1 ntroduced 50 c.c. of own scrum holdin: 
Recovered 22*5 c.c. of .scrum holdin; 


Water 

Organic Sol/ds 
Inorganic Solids 


3 6830 grms. 
2 6307 grms. 

'ing the Hour. 

27*5 c.c. 


Absorbed during the 

. 27*5 c.c. i <' 55 00 per c 

. , . ] 0523 grms. i.e. 28 57 per c 

. , 2527 grm. i.e. 55*29 per c 


* 1570 grm. 
*2043 grm. 


Pressures in mm. of Mercury. 


'time 

Vein 

Gut 

12.20 Start. 

1 2.2.'> 

. 18 4 

1 5 

12.30. 

. 17-7-18 4 

1 5 

12 40. 

. 19-2 

4 0 

1 2 50 

. 21*9 

.3 5 

10 . 

. 20*8 

.'’»‘5 

1 10 

. 18-1 

3-0 

1-15 

. 16 9 

3-0 

J.20 Slop. 

Lou erings of Freezing-point, 


Iiitroducfd Scrum 

Removed Serum Serum of Dog at 


A - '600 


A = '598 


ol experiment 
A = -603 


No explanation of the above experiments is here attempted, but attention is 
briefly called to tbo following negative points : — 

Osmosis, tiltratioii into the blood capillaries, or into the lacteals by the action of 
Driiche’s ‘villus pump’ are, it is considered, excluded by the conditions of the 
e.xperiment. 

That the disappearance of the serum from the ca\ity of the gut is simply a 

3 G 2 
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matter of imbibition is in the bigbest degree improbable, because tbe cells must be> 
at tbe commencement of the experiment, soaked to tbe highest degree possible in 
those constituents of tke animaPs serum which they are capable of taking up. 

Electro-osmotic action is again improbable, because secreting membranes pro- 
duce ingoing electrical currents as well as absorbing membranes ; and, to apply 
such an hypothesis, it would be necessary to assume that the ingoing current of the 
cells is active in one case (absorption), the Mitgoing return current in the other 
(secretion) involving the further hypothesis of some valvular nature of protoplasm 
with higher ‘ porosity ’ in the ^ in-out ’ direction in the absorbing, and the ‘ out-in ’ 
direction in the secreting, membrane. 

Finally, any aspirating action of the blood current in the capillaries of tbe villi 
is negligible on account of the low velocity of the current in capillary districts of 
the circulation. 


8. The Function of the Ccina! of Stilling in the Vitreous Ihimonr. 
By Professor Anderson Stuart. 


9. Descrii)tion of some 'jneces of Physiological Ajgyctratns. 
By Professor Anderson Stuart. 


10. 0)1 the Phosphonis Afetaholism of the Salmon in F)’csh Water. 

By D. Noel Paton, F.R.C.P. {Ed.). 

7'lie observations here recorded form part of an extended study on the meta- 
bolism of the salmon in fresh water. 

The method of investigation was to take for analyses sample salmon through- 
out the spring, summer, aud autumn from tbe mouths of certain rivers, and olh(‘r 
specimens from the upper waters pf the same rivers, and by comparing these to 
arrive at conclusions as to the extent of the changes going on. 

Observations made by Drs. Oulland, Gillespie, Dunlop, and myself clearly show 
that the fish do not feed during their stay in fresh water. The muscle substance- 
steadily diminishes, while the ovaries and testes grow at its expense. The fats 
and proteids lost from the muscles are sufficient to supply these materials for the 
growing genitalia, and to yield a very large amount of energy for muscular work. 

The question here discussed is the Exchange of Phosphorus. 

It is first shown that in muscle the phosphorus is chiefly in the form of 
inorganic phosphates, though a comparatively large amount of lecithin and a small 
amount of nuclein are also present. ' * ‘ 

In the ovary the phosphorus is chiefly Combined in the pseudo-nuclein — iclithu- 
lin ; but it is also present in considerable amounts in lecithin, and in very small 
amounts as inorganic phosphates. 

In thp testis the phosphorus is chiefly in the form of true nucleins, but there are 
also a considerable quantity of lecithin and a small quantity of inorganic phosphate. 

As the season advances the phosphorus in the genitalia increases, while the 
phosphorus of the muscle diminishes. The loss of phosphorus from the muscle 
18 barely sufficient to account for the gain in the ovar^^, amply sufficient to yield 
the increase of phosphorus in the testis. The lecithin lost from the muscle is 
sufficient only to account for a small part of the lecithin gained by the ovary. 
The lecithin and ichthulin of the ovary must thus be found by synthesis as these 
structures grow. The nuclein of the 'testis must be formed in a similar manner. 

The presence of considerable amounts of lecithin in the growing ovary aud 
testis would seem to indicate that this substance is one of tbe first stages in tbe 
construction of nucleo compounds. 
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11. Electrostatical Exim^ittwnts on Nerve Simulating the effects oj 
Electric Rays, By Professor Jacques Loeb. 


12. The Gastric Inversion of Cane Sugar by Hydrochloric Acid} 

By Professor Graham Lusk. 

For thirty-five years it has been shown upon the lecture table of Yoit that a 
<)'3% hydrochloric acid solution at the temperature of the body has the power of 
I’apidly inverting cane sugar. After feeding an animal with cane sugar, that and 
invert sugar are found in the stomach, while only invert sugar is to be detected in 
the intestinal canal. No inverting enzyme has been found in the stomach similar 
to that present in the small intestines. The question to be solved was this : is 
tlie acid of the gastric juice a sutlicient agent to accomplish such inversion of cane 
sugar as takes place within the stomach ? The following table shows in per cent, 
the amount of cane sugar inverted after standing difterent lengths of time, with 
different strengths of acid, at a temperature of 38-40° C. 


I 

0 1)1% 

.0*9.3% 

0 91% 

5 

0*01% 1 


cuue sugar 

sug^r 

fugar 

sugar 

sugar j 

Time 

0 1% nck 

0*2% HCl. 

0 2% HCl. 

0*2% HCl. 

0-3% HCl. 1 

1 hour 

140 


\o'T) 

22*2 

2 hours 


25*4 


29 9 

37*6 ! 

3 „ 


30*9 


2 

49*5 1 

t 

26-6 


87*8 

43*0 

1 58*9 

5 ,, 



47*5 

59 6 : 

64*8 i 

7 

40-0 1 


76 8 1 

69*2 1 

79*3 

10 „ 

1 


81*7 


•93*4 

12 



r.:h8 

1 

80 4 

k 

94*1 


The results ^how the stronger tlie acid the greater the inversion. In general 
about llie same percentage of inversion is obtained with a 5% sugar solution as 
with a 0 01% solution. The amount of cane sugar inverted liy the same acid is 
thus proportional to the strength of the sugar solution. Hence, as the sugar 
solution becomes more and more changed by inver.sion, the quantity to be acted 
on becomes smaller, and therefore the quantity inverted grows less. This is accord- 
ing to Willielmy s law of cliemical change. It has also been determined that 
proteid (white of eggs) and proteolytic digestive products in acid combination with 
'hydrochloric acid (z'.c., when the solution gives no tropmolin reaction) have almost 
the same inverting action as free hydrochloric acid. Comparing these experiments 
with results already obtained from living animals, the conclusion is drawn that 
the acidity of tlie gastric juice is itself sufiicient to produce such inversion as takes 
place in the stomach. Many of the analyses given above were made by Dr. S. J. 
lYu'ris. 


SATURDAY, AVGUST 
The Section did not meet. 


'the Paper will be published in the Am. Jinmi. of Physiology. 
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MOND\y. Avar ST 23 . 

The following Papers were read: — 

1. Study of the Comparative Fhysioloyy of the Cells of the Sy)t) 2 <athptic 
N’ervous y^ystem. By Professor G. Carl Hurer. 

The sympathetic neurons are multipolar in all vertebrates except the amphibia, 
where the nerve cells are unipolar. The dendrites of the multipolar sympathetic 
neurons form an intercellular plexus (between the cell-bodies of the sympathetic 
neurons constituting the ganglion) and a general peripheral plexus under the 
capsule of the ganglion. The neuraxes of sympathetic neurons terminate either in 
involuntary muscle, in heart muscle, in glandular tissue, in the spinal root -ganglion, 
and possibly also in other sympathetic ganglia. 

Terminating in the sympathetic ganglia are found small medullated nerve 
fibres, first correctlj described by Gasholl, then by Langley and others, whicli 
leave the cerehro-spmal axis tlirough the anterior or motor roots of the dorsal and 
three or four upper lumbar nerves and constitute the white rami communicantes. 
That these nerve fibres end in the ganglia has been shown by Langley and others 
by the nicol in-method. 

They end by forming pericellular, intraca|)sular plexuses, which, while tUeyma) 
show a slight variation in structure iu the* different vertebrates, may nevertheless: 
be regarded as similar in all vertebrates. 

The sympathetic neuron forms, therefore, a terminal link in a neuron-chain o] 
which the second link is formed by a neuron the neuraxis of which constitutes tlit 
neuT'axis of a nerve-fibre in a white ramus. 


2. Investigations in the Micro •chemistry of Nerve Cells, 

By J. J. Mackenzie. 

It w'as found that the Nissl granulations in nerve cells were distinctly iron 
holding, and consequently related to the iron-holding chromatins of the nucleus. 

Pathological cells from rabbits, inoculated with rabies, were studied for com 
parison, and it was found that as long as basophil gi’anulations were present in tlu 
cell, it was possible to obtain an iron reaction in them. In the motor cells of tlu 
cortex, in rabid animals, it was found that oxyphil granulations appeared in tlu 
situations which the Nissl granulations had occupied, and that these oxyphilic 
granules were very slightly iron-holding. It seemed probable that there Vas ? 
conversion of iron-holding basophil granules into oxyphil granules coutaiuing litth 
iron. 


3. An Investigation of the changes in Nerve Cells in various Vathologica 
conditions. By W. B. Warrington, M.D, {Lond.)^ M.R.C.F. 

See Beports, p. »525. 


4. Action of Reagents on Isolated Nerve. By Dr. A. Waller, F.R.S. 
See Reports, p. 518. 


5. Action of Ancestheiics on Nerve. By F. S. Lloytx 
See Reports, p. 520. 


6. Action of Anoesthetics on Cardiac Aluscle. By Miss Welby. 
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7. Feriode Refractaire dans les Centres Nerveux} 

Par Pi^ofessor Dr. C. Richet. 

J’ai pn, avec la collaboration d’Andrd Broca, ddmoiitrer qu’il y a dans les 
centres nerveiix cdrdbraux et mddullaires (chez lo chien) une j)6riode refractaire. 
On ne connaissait jusqu’icl ce phenoniene que pour le coeiir; il est important de 
constater qu’il existe, avec une nett etc plus grande encore que pour le coeur, dans 
les cellules nerveuses. 

Soit un chien, refroidi a 30°, et, pour I’immobilisation et I’insensibilitd, anea- 
tli4sie avec du cliloralose (0*10 gnu. par kilogrm.); il rdpondra aux excitations 
cdi^brales electriques, si celles>ci ne sont pas trop frdquentes, par des rtiponses mus- 
culaires isolees. La plupart des physiologislos n’oiit etudie que les excitations 
fr(5quentes. Voyons les effets des excitations isoldes. 

Si ellcs sont ry thmees a 1 par seconde, elles sont egales ; mais, si elles sont 
rythin(jes a t par seconde, il y eu aura une grande et une petite, et enfin, si elles 
sont r\tlnn<'^es a 10 par seconde, il n’y aura plus de rdponse a chaque excitation, 
mais scuieinent 1 rcponse sur 2. Il se fait alors un rytlime qui est dans un rapport 
simple avec le rythme excitateur g, .|, selon les cas, suivant la rapidite des excita- 
tions. 

Ainsi, dans certaines conditions, sur deux excitations Vanimal ne repond qiiii 
une seule^ car la secoyide tombc dans la periode refractaire, 

Meme avec les excitations mdcaniques le r^isultat est identique. Un chien 
chloralose repond a chaque excitation indcanique de la table sur laquelle il repose 
par une contraction convulsive soiidaine. Mais s’il est refroidi, et si on fait des 
dbranlements frequents de la table, il ne r6pond plus quW une secousse sur deux. 

On pent (5tablir qu’il s’agit la d’un phdnomene analogue a celui que les physiciens 
ont appehi V amortissemeyit des vibrations et synchronisation des oscillants. l)e 
fait dans I’^tude dii systeme nerveux on ne s’dtait pas prdoccupd de I’dlement 
physique de la vibration nerveuse, et on avait surtout envisage I’dldment chimique. 
Alaia il est ndcessairo qu’une vibration s’dteigne apres qu’elle a eii lieu, de sorte que 
cette pdriode d’extinction de la vibration est la pdriode rdfractaire. 

Pour amortir une vibration, il s^mble que le mode adoptd par la nature soit 
celui d’une courbe avec retour graduel a I’dtat d’dquilibre, au lieu du retour par 
une sdrie d’oscillations do plus en plus potites. (J’est le procddd que Lord Kelvin a 
adoptd pour I’amortissement des oscillations dlectriques dans la transmission dea 
ddpeches par cable sous-marin. 

La durde de cette pdriode rdfractaire est d’un diziorae de seconde chez ces chiens 
normaux. 

Chez les chiens refroidis a 30° elle est de 0*5 sec. 

On la mesure en saisissant le moment oa deux secousses consdcutives sont 
dgales eiitre elles. Chez un chien refroidi a 30°, il suffit que les excitations cdrdbrales 
soient distantes de moins de 0*6 sec pour que les deux rdpouses musculaires soient 
indgales. 

On ])eut prouver qu’il y a chez Tbomme une pdriode rdfractaire, en ce sens 
que des excitations cdrdbrales (ou des volitions) Isoldes ne peuvent avoir un 
rythme plus frdquent que 10 ou 11 par seconde. On pent s’en convaincre en 
essayaut de penser une gamme musicale, par exemple, ou une sdrie de voyelles ou 
de mots, avec le maximum de rapiditd, et on verra qu’on ne ddpasse pas 11, ou 12 
tout au plus, par seconde. 

Nous avons done par cette constatation et cette mesure de la pdriode rdfractaire 
ddtermind la durde de la vibration nerveuse ; et par la dtabli en quelque sorte 
Vunitt psychologiquc du temps. 

La conscience, rdsultat de I’activitd nerveuse, a done une penode ilimentaire ; 
et cette pdriode Uhnentaire est d' environ un dizimie de seconde, 

8. On a Cheap Chronograph. By Professor W. P. Lombard. 

* Vois, pour plus de details. Archives de Physiologic^ 1897, No. 4, p. 870, et Diet, 
de Physiologic, art. cerveaux, t. iii., p. 17-41, 
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9. Demonstration of the Pendnlnm Chronoscope and Accessory 
Ajiparatus. By Dr. E. W. Scripture, Yale University. 

The pendulum chronoscope contains, in the first place, an accurately adjusted 
double-bob pendulum. This pendulum is held by a catch at the right-hand side. 
In making an experiment this catch is pressed noiselessly and the pendulum starts 
its swing. It carries along a light pointer held in position by a delicate spring. 
At a definite moment it presses a delicate catch which releases the mechanism 
beneath the base. This mechanism is adjusted to do several things ; one of them 
is to drop a shutter which covers an opening at the back of the chronoscope. The 
person experimented upon is seated at the back ; owing to the curtain he can see 
nothing but the covered opening. He finds before him a rubbcT button like that 
on a telegraph-key. He is to press thi.s button as soon as he sees the shutter 
expose the opening. He does so, and another mechanism releases a horizontal bar 
running behind the scale. The pointer swings between this bar and the scale, and 
is consequently stopped when the bar snaps against the scale. The zero-point is 
passed at the moment the shutter starts to fall ; the marks on the scale indicate 
the number of thousandths that elapse till the button is pressed. The instrument 
is built with the greatest accuracy. For reaction to light, coloured cards or pieces 
of transparent celluloid are inserted into a holder just behind the shutter. 

The reactions to light are not disturbed by noises, as the pendulum makes iif) 
noise either at release or during its swing, and the shutter makes only a faint 
sound. * 

For reactions to sound without further apparatus, the .shutter i.s arranged to 
strike with a noise. In this case a constant quantity is subtracted from the .scale. 
For these reactions it is generally preferable to insert a telephone with a battery in 
circuit with the platinum contact about to be described. 

The shutter rests against a platinum point in such a way that its movement 
can be used to break an electric circuit; this can be used for producing lights, 
sounds, electric shocks, &c. A strong electro- magnet is placed beneath the base 
in such a way that it can take the place of the button ; thus the pointer can be 
caught by the movement of a key in the hands of a distant person. An arrange- 
ment is also provided whereby the pendulum itself is released electrically. Still 
further mechanisms are added for various purpose.s. 

Among the accessory apparatus are a newly invented lamp battery, a simple, 
cheap and convenient arrangement which changes a high voltage dynamo current 
into a low voltage current suitable for ordinary battery purposes — e y., to run 
tuning forks, telegraph instruments, bells, «&€. 

[For a full account of the chronoscope see Scripture, ‘New Psychology,’ p. ]r»r», 
London, 1807: and of the lamp batteries see ‘ Studies from the Yale Psychological 
Laboratory,’ vol. iv., p. 76.] 


10. The Tricolour Lantern for Illustrating the Physiology arid Psychology 
of Colour-vision. By Dr. E. W. Scripture, Yale University. 

By means of special triple slides and accessory apparatus, the fundamental laws 
of colour-vision can be demonstrated. The newer theory of colour-blindness i.s 
illustrated by some specially devised slides. 

[A full description of the lantern is given in the author’s ‘ New Psychology,’ 
p. 348.] 


11. Observations on Visual Contrast. 

By C. S. Sherrington, JS/.A., J/.D., F.P.S., Liverpool. 

1. On a parti-coloured disc let two concentric circular bands, each composed of 
the same two colours alternately disposed, be inscribed, and the arrangement of the 
component colours be such as to, in one band (A), minimise the contrast of the 
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colours, and in the other (B) to accentuate it. On whirling the disc, it is found 
that the rate of revolution re(][uired to fuse the component colours in ring-band A 
is less than that required for ring-band B. In this way the heightened contrast 
between the colours is found to take effect when all knowledge of the contrast 
between their components and the background has been eliminated from conscious- 
ness. Judgment is thereby eliminated from the effect, and the relation of judg- 
ment to simultaneous contrast decided against the Helmholtz view and in favour 
of the Hering view. 

A measurement of the degree of simultaneous contrast may be obtained from the 
rate of rotation required for fusion. 

2. On a parti-coloured disc two concentric circular bands, each composed of the 
same two component tints, are so inscribed that the darker component of one (A) is to a 
certain extent deepened in tint by simultaneous contrast against the background. On 
spinning the disc it is found that the ring-band (A) appears darker than its fellow 
ring-band, although physically the intensity of the components are exactly equal in 
the two. This a isual darkening is apparent when all knowledge of the existence 
of simultaneous contrast has been dismissed by fusion of the components of the 
background by rapid translation of the surface. 

d. On a disc half black half white let two short black arcs jut from the black 
into the white half, and at the opposite radius two counterpart white arcs jut into 
the black half. These pairs are so placed as to compensate one for the other ; 
throughout the entire disc the angular quantities of black and white are equal. 
On spinning the disc the rate of intermission sufficient to extinguish ^flickering’ in 
the sensation obtained might be expected to be the same for all parts of the disc. 
This is not the case. In one direction of spin, the rate of rotation required to fuse 
the ring-bands possessing the jutting black arcs is higher than that required for 
the intermediate ring-band on the disc; in the opposite direction the reverse. 
Successive contrast is here adding its eftect to simultaneous contrast : the latter is 
here, as in the previous experiments, obviously taking eflect, altliough rapid trans- 
lation of the surface has removed all possibility of the observer being aware of its 
existence on the disc. 

4. On a disc half white half black two short red arcs (A and B) are inscribed in 
tlui black half at ditferent radial distances, and two similar short arcs of black 
(A' and B') arc inscribed in tlie white half, A' and A, B and B,' being ut the same 
radial distance.s. On being whiiled the tints of the two ring bands are lound to dift'er 
ill brightness, even when in an ordinarily lighted room, the rate of intermission is 
as rapid as 60 times a second. I'his diflerence seems explicable by successive 
contrast, and indicates that even after a fiftieth of a second exposure to black, the 
oye has been more sensitive to white, and conversely after a fiftieth of a second 
e.xposiire to moderate white. 

5. On a disc of 160° white and 200° black, let some short and rather narrow arcs 
•of red be placed on the white sector where it abuts on the black. J^et half the 
number of red arcs lie at one border of the white near the edge of the disc, the 
other at the other border near the centre of the disc. When studied by lamp 
light (yellowish illumination) one of the sets of arcs will, on spinning the disc 
somewhat slowly, seem much less bright than the other set, and the grey of the 
disc in the spaces between the arcs of visually darker red will appear bluish-green ; 
in the spaces between the visually brighter red arcs will appear pale yellow. 
This yellow appears due to a development of a positive after-image, the blue 
•chiefly to a negative image, but also in part probably to simultaneous contrast. 
On whirling the disc at higher speed, the tints of the two red bands, also of the 
intermediate bands, approximate, both the latter two becoming pale greenish-blue. 
At still higher speeds the red bands become fully alike, and the intermediate bands 
become completely similar pale green-blue bands. At this rate the intermittence 
has become too frequent to permit the influence of rebound effects, and successive 
contrast has been eliminated, simultaneous contrast alone remaining. But the rate 
required to do this is higher in certain discs than one-fiftieth of a second. By 
thus using the discs as rheotom for the visual sensations, it is found that a 
perceptible after-image is formed after a very moderately intense stimiila- 
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tion in less than one-fiftieth of a second. The method shows also that from one- 
fiftieth of a second up to a quarter of a second after its commencement this after- 
image continues perceptibly increasing in intensity. 


TUESDAY, AUGUST 21. 

A combined meeting of Sections I and K for the discussion of the Chemistry 
and Structure of the Cell was opened by the reading of the following Papers - 

1. On the Rationale of Chemical Synthesis. 

By Professor R. Meldola, F.R.S. 


2. On the Edcistence in Yeast of an Alcohol-producing Enzyme. 
By Professor J. R. Green, F.R.S. 


3. New Views on the Significance of Intra-cellular Structures and Organs. 
By Professor A. B. Macallum, Ph.D. 


WEDNESDAY, AUGUST 2o. 

The following Papers were read : — 

1. Prelim i nary Account of the Effects upon Blood-pressure produced by the 

Intra-venons Injection of Fluids co'ntainmg Choline, Neurine, or 
Allied Products. By P. W. Mott, ALB., F.R.S., and W. D. Halli- 
burton, AI.B., F.R.S. 

The experiments baxe been conducted as follows : — Tlie animals used were 
dogs anjjesthetised with ether. The right external jugular vein and the left 
carotid artery were exposed, and a cannula was introduced into each vessel. TIk' 
artery was connected with a mercurial manometer in the usual way for taking a 
blood-pressure tracing. A simultaneous tracing of the respiratory movements 
was taken by the tambour method. 

The fluids were injected into the vein, and the results were, with certain 
exceptions to be afterwards mentioned, in all cai^es similar — viz., no marked etfect 
upon respiration, but a marked temporary fall in the blood-pressure, which begins 
about 10 seconds after the commencement of the injection. 

The fluids we used were — 

(1) Normal cerebro-spinal fluid. This produced no effect. 

(2) Cerebro-spinal fluid obtained post mortem from a considerable number of 
cases of general paralysis of the insane, from one case of stuporose melancholia, 
and from one case of cerebral bmmorrhage owing to the giving w^ay of a cortical 
cerebral vessel. 

To avoid fallacy of decomposition from microbic growth, it may be stated that 
the bodies were placed in a cold chamber (0° C. or below that) within half an 
hour of death, and cultures were in all cases made from the cerebro-spinal fluid 
and blood of the frontal sinus, ond in nearly all instances without result. This is 
necessary, because many of these people die with bladder afiectioii or ulcerative 
colitis, and microbic toxins might arise. 

As a rule, 10 c.c. of the fluid were injected ; and although the effect varied 
somewhat in degree, yet in only one instance did no fall in the blood-pressuro 
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occur. That instance was the cerebro-spinal fluid from the case of cortical 
liMuiiorrha^e, an acute case with no naked-eye wasting of the brain substance. 

(3) Tlie cerebro-spinal fluid was boiled and filtered, and the filtrate gave the 
same result. It could not, therefore, be due to proteid. 

(4) The cerebro-spinal fluid was mixed with several times its volume of 
alcoliol, by which all proteids and proteoses would be precipitated. It was 
filtered, and the filtrate dried at a temperature of about 40° C., and the residue 
dissolved in saline solution. This, when injected, gave a similar falhin the blood- 
])ressure. 

(o) Solution of ueurine hydrochloride 0*1 per cent, solution. 2*5 c.c. gave a 
similar full ; but in most instances this was followed by a return to or even above 
the original pressure and then a second fall ^ which persisted to some extent, a 
condition wo never observed with th(‘ cerebro-spinal fluid. 4’'his result is similai* 
to that previously obtained by Schafer and Oliver. Stronger doses produce marked 
slowing of the Iieart, and slowing and deepening of the respiration. The fatal dose 
ia less than a decigramme, respiration ceasing before the heart. 

(0) Solution of choline hydrochloride 0*2 per cent, solution. 5 c.c. gave a 
rc'-iilt identical as far as we could observe witli that obtained by the pathological 
cert'hro-spinal fluids. With stronger doses there is slowing of the heart. 

(7) The blood obtained from patients suffering from pseudo-apoplectiform con- 
vulsions of general paralysis obtained by venesection was mixed with several times 
its volume of absolute alcohol, filtered, and the filtrate evaporated to dryness at 
about 40° C\ The residue was dissoh ed in saline solution and a (quantity w*as 
injected correspoiidiug to 50 c.c. of the original blood in each case. The result 
obtained corresponded entirely with that obtained with the pathological cerebro- 
spinal fluids and with soltftion of choline. Normal blood similarly treated gave a 
negative result. 

It may he added that section of the vagi has no influence on the fall of blood- 
pressure produced by the injection. 

The substance in the pathological cerebro-spinal fluid which produces the effect 
is precipitablo by phospliotungstic acid ; it is therefore probably alkaloidal in 
nature. Normal cerebro-spinal fluid after removal of the proteid gives no precipi- 
tate with phospliotungstic acid. The pathological cerebro-spinal fluids we have 
examined are rich in coagulahle proteid, contain no proteose or peptone, and are 
usually free from reducing substance. The reducing substance of the normal fluid 
was considered by one of us ^o be allied to or identical with pyrocatechin. In 
small doses pyrocatechin produces no effect oil blood-pressure ; in large doses it causes 
a very slight fall. 

The disintegration of the nerve-cells of the brain in the cases from which the 
fluid was obtained can ho demonstrated best by NissTs method. 

We have also taken tracings of blood-pressure simultaneously with plethysmo- 
graphic tracings of the limbs, and of tho kidney, an air oncometer being used in 
connection with the latter organ. There is no peripheral dilatation of the blood- 
^essels. That the fall of blood -pressure is cardiac in origin was confirmed by 
experiments on the frog’s and mammal’s heart. This conclusion fits in very well 
with what is found in general paralysis of the insane ; cardiac weakness and 
enfeebled circulation are commonly observed ; and fatty degeneration of the heart 
is very frequently discovered im»t mortem. 


2. Oil the D istribution of Iron in Animal and Vegetable Cells, 
By Professor A. B. Macallum, Ph.D. 


3. On the Presence of Co'p'per in Animal Cells. 

By Professor W. A. IIerdman, and Professor Hubert Boyce. 


’ By the plethy^mographic method this second rise and fall are found to be pro- 
duced by a constriction followed by a dilatation of the peripheral blood-vessels. 
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4. On Internal AhRorption of llcvnwglohin and Ferratin, 
By P. W. G. Mackay. 


5. On Secretion in Gland Cells. By R. R. Bensley. 


•'6. The Morphology and Physiology of Gastric Cells. R. R Bensley. 

7. Visual Reaction to Intermittent Sfinudation. By O. F. F. Giiuneaum. 

The fjictors upon which fusion of intermittent retinal stimuli depends ha\ e 
apparently been noted singly, and never collectively considered. 

Schafliautl found tliat, on increasing the strength of tlie stimuli, increase in 
Tn‘quency was necessary to produce fusion : sp(*(‘d of translation was observed by 
Filehne to have an effect. 

Charpentier and Baader pointed out that the size of the field of vision was an 
important factor, and Sherrington has recently demonstrated the (‘ffects produced 
by simultaneous contrast. 

Expm-iments have been made, bearing in mind the above facts, along with the 
necessity of guarding against fatigue. . 

It was found that if the field of \ ision w(Te small, so that the image fell 
entirely within the fovea, and the speed of translation great, it was impossible to 
discern that the stimulus was intermittent above sixty-three alternations per 
second. 

It must be noted that when the sourci* of light in within focal range, and of a 
nature that can be focussed, there is no sudden transition from the recognised 
coarse flicker to that of a smooth, steady sensation, but an intermediate stage of 
tine flicker or tremor of the field is experienced. 

If the stimulus be greatly increased, the maximum frequency at which discon- 
tinuity of stimulation is observed may fall to forty-five alternations per second 
before pathological phenomena ensue. 

If the speed of translation be small, discontinuity of stimulation may be 
observed at 600 alternations per second, with practice, but then only through a 
short range of luminosity. On increasing the strength of stimuli, the frequency 
must be rapidly diminished in order to discern discontinuity. 

The effect of speed of translation is well shown by ki^ejiing the luminosity 
constant, and using rotating discs with varying numbers of sectors : it is then 
found that one with many sectors, and consequently a slow speed of translation, 
will require a high frequency of alternation to produce fusion, while one with but 
tew sectors will fuse with a frequency of alternation of sixty-three per sacond or 
below. This is probably due to unconscious simultaneous contrast. 


8. Functional Development of the Cerebral Cortex in Different Groups of 
Animals. By Wesley Mills, c&c., Professor of Physiology in 

McGill University^ Montreal. 


The xmrpose of the research described in this Paper is to determine whether 
the cerebral cortex is functional at birth, and, if not, then how soon afterwards in 
several species of animals, those being selected that are most commonly employed 
for physiological experiments and are best known. 

The method of investigation was described, illustrated protocols of experiments 
given, and inferences drawn for each species of animal the subject of experiment. 

The paper concluded with a criticism of the work of other investigators, and 
with some general deductions. 
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9. The Psychic Developmetd of Yoiuuj Animals and its Somatic Corre- 
lation^ with special reference to the Brain. By Wesley Mills,. 
jY.A., Hf.D.y Ac., Professor of Physiology in McGill University.^ 
Afontreal. 

This Paper is founded on the previous one, and a aeries of investigations made 
on the psycluc development of young animals, and is an attempt to correlate the 
results. 


10. The Physiology if Instinct. By Professor C. Lloyd Morgan, F.G.S. 

11. Tlic Nature ami Phy.siad Basis of J*ain. By Professor L. WiTMER. 


12. The Action of (By cerine on the Tubercle Bacillus. By S. Monckton 
C oPEMAN, M.A., M.D. {Cantab.), and F. R. Blaxell, M.D. {Lond.). 

(From the Bacteriological Laboratory of Westminster Hospital Medical School.) 

.At the last meeting of the Association, held at Liverpool in 1896, a report on 
the influence of glycerine on the vital activity of certain micro-organisms was pre- 
sented to this Section. In that Paper we .showed that the presence of glycerine to 
the extent ot 40 per cent, in culture media, such as peptone beef broth, sufficed to 
kill out, in various periods of time, certain pathogenic microbes, including the 
Pyogenic cocci, Streptococcus Pyogenes, Streptococcus Erysipelatosus, Bacillus- 
Tuberculosis, B. Typhosus and B. Ihphthenre, the maximum resistance being over- 
(‘oine in about three weeks. On the other hand, the spores of the common Hay 
Bacillus were show'ii to be capable of resisting the action of glycerine considerably 
longer, as also was the B. Coll Communis when kept at low temperatures. 
Samples of small-pox and vaccine material, in the form of lymph and ^ crusts,’ 
were also employed, and were found to have become freed from extraneous micro- 
organisms within comparatively short periods, when exposed to the influence of 
40 per cent, glycerine. 

During the past year we have instituted furtlier experiments in this direction, 
working especially with the Bacillus Tuberculosis, with the object of determining 
whether this micro-organism can survive and remain capable of further develop- 
ment after a sojourn, for varying periods, in glycerinated vaccine lymph. 

Method. — Vaccine material was rubbed up in the usual way with a mixture 
of glycerine and water, the greater part of the resulting emulsion (containing 
glycerine to the extent of 42 per cent.) being then tilled into small tubes. To the 
residue, amounting ^o about 4 c.c., was added a large quantity of growth from a 
recently isolated and virulent culture of Tubercle Bacilli. This growth was 
thoroughly mixed with the (*mulsion, and the \vhole was poured into two small 
tubes, which were corked and placed in a cool, dark cupboard with the rest of the 
tubed emulsion. At the same time, from the tubercle culture, control inoculations 
wx're made in tuhe.s of 6 per cent, glycerine agar-agar, and in tubes of 6 per cent, 
peptone beef broth. These were incubated part at body temperature, and part at 
that which ordinarily obtained in the laboratory. At the end of a month the 
emulsion was demonstrated by the method of plate cultivation to be free from 
extraneous microbes. Similarly plat('S poured from tlie small tubes containing the* 
tubercle culture also showed no growth. Numerous inoculations were made on 
the surface of G per cent, glycerine agar, and on solidified blood serums, the tubes 
being then incubated at 37° D. After a month’s incubation, no growth resulted 
from any of these inoculations. 

Lest traces of glycerine carried over by the inoculation needle should have 
retarded or prevented the growth of the Tubercle Bacillus, some of the emulsion 
originally contaminated with tubercle was mixed with sterile beef-broth, and from. 
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this numerous inoculations were made and incubated at 37° C. These also, after 
the lapse of a month, failed to show any sign of growth. Control tubes, inocu- 
lated from the original tubercle culture employed in the whole series of experiments, 
and incubated at 37°C., all exhibited a copious growth in a mcuth, and sub- 
cultures from tliem were all, in turn, successful. 

As the result of a lengthy series of expeiiments on the lines described, it h.ns 
been found impossible to recover Tubercle Bacilli after exposure for a month to 
the action of an intimate admixture of glycerine to the extent of 40 per cent., 
either with sterile beef-broth or with fresh vaccine material. 


13. Inhibition, as a Factor in Muscular Co-ordination. Jhf Professor 
C. S. 8iiERniN<rroN, F.R.S. 


14. A Movenienf 'produced hj the Elrctric Current. By Professor F. 

Braux. 
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SECTION K.— BOTANY. 

Presibext of the Sectiox. — H. Marsh \ll Ward, D.Sc., F.K.S., Professor 
of Botany in the University of Cambridgt', 


The President delivered the followiiif^ Address on Friday, August 20 : - 

The competent historian of our hrancli of science will have no lack of materials 
wlien he comes to review the progress of botany during the latter half of the 
Victorian reign. The task of doing justice to the work in phanerogamic botany 
alone, under the leadership ot‘ men like Hooker, Asa (Jray, Mueller, Kngler, 
Wanning, and the army of systematists so busily sliifting the frontiers of the 
various natural groups of flowering ])lauts, will need able hands for satisfactory 
tr(uitment. A mere sketch of the influence of Kew, the principal centre of syste- 
matic botany, and of the active contingents of Indian and colonial botanists 
working under its inspiration, will alone require an important chapter, and it w'ill 
need full knowledge and a wide vision to avoid inadequacy of treatment of its 
powerful stimulus on all departments of post-Darwinian botany. The ^ Genera 
Plantarum,’ the ^British Flora,’ the ‘Flora of India,’ sullice to remind us of the pres- 
tige of Fngland in systematic botany, and the influence of the large and growing 
library of local and colonial floras we owe to the laboin*s of Bentham, Trimen, 
( Marke, Oliver, Baker, Ilemsley, Brandis, King, Gamble, Balfour, and the present 
Director of Kew, is more than merely inifierial. 

The progress in Europe and America of the other departments of botany has 
been no less remarkable, and indeed histology and anatomy, comparative mor- 
phology, and the physiology and patliology of plants have perhaps advanced even 
more rapidly, because the ground was newer. In England tlie work done at 
Gamhridge, South Kensiuoton and elsewhere, and the publications in the ^ AnnaF 
of Botany’ and other journals sufliciently bear witness to this, A consequence has 
been the specialisation which must soon be openly recognised — as it already is 
tacitly in botany as in zoological and other branches of science. 

No note lias been more clearly sounded than this during the past twenty-five 
years, as is evident to all who have seen the origin, rise, and progress of our modern 
laboratories, special journals, and even the gradual subdivisions of this Association 
We may dejilore this, as some deplore the departure of the days wlnei a naturalist 
was exjiected to teach geology, zoology, and botany as a matter of course ; but the 
inevitable must come. Already the establishment of bacteriological laboratories 
and a huge special literature, of zymo-technical laboratories and courses on the 
study of yeasts and mould fungi, of agricultural stations, forestry and dairy schorls, 
and so on— all these are signs of the inexorable results of progress. 
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There are disadvantages, as the various Centralbliitfer and special journals 
show j for hurried work and feverish contentions for priority are apt to accompany 
these subdivisions of labour ; and those of us who are most intimately concerned 
with the teacliing of botany will do well to take heed of these signs of our times,, 
and distinguish between the healthy specialisation inevitably due to the sheer 
weight and magnitude of our subject, and that incident on other movements and 
arising from other causes. The teaching and training in a university or school 
need not be narrow because its research-laboratories are famous for special work. 

One powerful cause of modern specialisation is utility. The development of 
industries like brewing, dyeing, forestry, agriculture, with their special demands 
on botany, shows one phase; the progress of bacteriology, paleontology, pathology, 
economic and geographical botany, all asking special questions, suggests another. 
In each case men are encouraged to go more and more deeply into the particular 
problems raised. 

Identification of flowers in Egyptian tombs, of pieces of wood in Ilomaiif 
excavations, the sorting of hay-grasses for analysis, or seeds in the warehouses ; 
the special classifications of seedlings used by foresters, or of trees in winter, and 
so on, all afford examples. It is carried far, as witness the immense labour it is 
found worth while for experts to devote to the microscopic analysis of seeds and 
fruits liable to adulteration, or to the recognition of tlie markings in imprints of 
fossil leaves, or of characters like leaf-scars, hud-scales, lentfcels, and so on, by 
which trees may be determined even from bits of twigs. 

If we look at the great groups of plants from a broad point of view, it is 
remarkable that the Fungi and the Plianerogams occupy public attention on quite 
other grounds than do the Algm, Mosses, and Ferns. Algte are especially a 
physiologists’ group, employed in questions on nutrition, reproduction, and cell- 
division and growth ; the Bryophyta and Pteridophyta are, on tlie other liai>d, the 
domain of the morphologist concerned with academical questions such as the 
Alternation of Generations and the Evolution of the higher plants. 

Fungi and Phanerogams, while equally or even more employed by specialists 
in Morphology and Physiology, appeal widely to general interests, and evidently 
on the ground of utility. Without saying that this enhances the importance of 
either group, it certainly does induce scientific attention to them. 

I need hardly say that comparisons of the kind I am making, invidious though 
they may appear, in no way imply detraction from the highest honour deservedly 
paid to men who, like Thuret, Schmitz, and Thwaites in the past, and Bornet, 
VVille, and Klebs in the present, have done and are doing so much to advance our 
academical knowledge of tlie Algie ; and Klebs’ recent masterpiece of sustained 
physiological work, indeed, promises to be one of the most fruitful contributions 
to the study of variation that even this century has produced. N^or must we in 
England forget Farmer’s work on Ascophyllmtiy and on the nuclei and cell-divisions 
of Ilrpaticfp ; and while Bower and Campbell have laid bare by their indefati- 
gable labours the histological details of the Mosses and Vascular Cryptogams, and 
carried the questions of Alternation of Generations and the evolution of these 
plants so far, that it would almost seem little remains to be done with Iloflineister’s 
brilliant conception but to ask whither it is leading us ; the genetic relation- 
ships have become so clear, even to the details, that the recent discovery by Ikeno 
and Hirase of spermatozoids in the pollen tubes of Cpcas and Oinpho almost loses 
its power of surprising us, because the facts fit in so well with what was already 
taught us by these and other workers. 

It is impossible to over-estimate the importance of these comparative 
studies, not only of the recent Vascular Cryptogams, but also of the Fossil 
Pteridophyta, which, in the hands of Williamson, Scott, and Seward, are yielding 
at every turn new building stones and explanatory charts of the edifice of Evolu- 
tion on the lines laid down by Darwin. 

All these matters, however, serve to prove my present contention, that the 
groups referred to do not much concern the general public ; whereas, on turning to 
the Fungi and Phanerogams, we find (|uito a different state of affairs. It is very 
significant that a group like the Fungi should have attracted so much scientific 
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attention, and aroused popular interest at the same time. In addition to their 
importance from more academical points of view — for they claim the attention of 
morphologist and physiologist as much as any group, as the work of Wager, 
Massee, Trow, Hartog, and Harper, and an army of Continental investigators, with 
Brefeld, Von Tavel, Magnus, &c., at their head, has shown — the Fungi appeal to 
•wider interests on many grounds, but especially on that of utility. The fact that 
Fungi affect our lives directly has been driven home, and whether as poisons or 
foods, destructive moulds or fermentation-agents, parasitic mildews or disease 
germs, they occupy more of public interest than all other Cryptogams together, 
the flowering plants alone rivalling them in this respect. 

A marked feature of the period we live in will be the great advances made in 
Gur knowledge of the uses or plants. Of course, this development of Economic 
Botany has gone hand in hand with the progress of Oeographical Botany and the 
extension of our planting and other interests in the colonies, but the useful applica- 
tions of Botany to the processes of home industries are increasing also. 

The information acquired by travellers exploring new countries, by orchid- 
collectors, prospectors for new fibres or india-rubber, or resulting from the experi- 
ences of planters, foresters, and observant people, living abroad, has a value in money 
which does not here concern us ; but it has also a value to science, for the facts 
collected, the specimens brought home, the processes observed, the results of analyses, 
the suggestions gathered — in short, the puzzles propounded by these wanderers — all 
stimulate research, and so have a value not to be expressed in terms of money. 

The two react mutually, and I am convinced that the stimulus of the questions 
fesked by commerce of botanical science has had, and is having, an importaut 
effect in promoting its advance. The best proof to he given of the converse — 
that botany is really useful to commerce — is afforded by the ever-increasing 
demands for answers to the questions of the practical man. At the risk of touch- 
ing the sensibilities of those who maintain that a university should regard only 
the purely academical aspects of a science, I propose to discuss some cases where 
the reciprocal influences of applied, or useful, and purely academic or useless 
botany — useless because no use has yet been made of it, as some one has wittily 
put it — have resulted in gain to both. In doing this, I wish to clearly state my 
conviction that no scientific man should be guided or restricted in his investiga- 
tions by any considerations whatever as to the commercial or money value of his 
jvsults : to patent a method of cultivating a bacillus, to keep secret the composi- 
tion of a nutritive medium, to withhold any evidence, is anti-scientific, for by the 
nature of the case it is calculated to prevent improvement — i.e. to impede progress. 
It is not implied that there is anything intrinsically wrong in protecting a dis- 
covery : all I urge is that it is opposed to the scientific spirit. 

But the fact that a scientific discovery is found to have a commercial value 
also — for instance, Wehmer’s discovery that the mould fungus, Citryomyces, will 
convert 50 per cent, of the sugar in a saccharine solution to the commercially 
valuable citric acid ; or Matruchot’s success in germinating the spores of the 
mushroom, and in sending pure cultures of that valuable agaric into the market 
— is no argument against the scientific value of the research. Tliere are iii agri- 
culture, forestry, and commerce generally, innumerable and important questions 
for solution, the investigation of which will need all the powers of careful 
observation, industrious recording, and thoughtful deduction of which a scientific 
man is capable. But while I emphatically regard these aud similar problems as 
worthy the attention of botanists, and recognise frankly their commercial import- 
ance, I want to carefully and distinctly warn all my hearers against supposing that 
their solution should be attempted simply because they have a commercial value. 

It is because they are so full of promise as scientific problems, that I think it 
no valid argument against their importance to theoretical science that they have 
been suggested in practice. In all these matters it seems to me we should recog- 
nise that practical men are doing us a service in setting questions, because they set 
them definitely. In the attempt to solve tliese problems we may be sure science 
will gain, and if commerce gains also, so much the better for commerce, and 
indirectly for us. But that is not the same thing as directly interesting ourselves 
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in the commercial value of the answer. This is not our function, and our 
advice and researches are the more valuable to commerce the less wo are concerned 
with it. 

It is clear that the magnitude of the subject referred to is far beyond the 
measure of our purpose to-day, and I shall restrict myself to a sliort review of 
some advances in our knowledge of the Fungi made during the last three decades. 

Little more than thirty years ago we knew practically nothing of the life-history 
of a fungus, nothing of parasitism, of infectious diseases, or even of fermentation, 
and many botanical ideas now familiar to most educated persons were as yet 
unborn. Our knowledge of the physiology of nutrition was in its infancy, even 
the significance of starches and sugars in the green-plant being as yet not under- 
stood ; root-hairs and their importance were hardly spoken of ; words like hcter^ 
ceckyriy symbiosis, mycorhiza, &c., did not exist, or the complex ideas they now 
connote were not evolved. When we reflect on these facts, and remember that 
bacteria were as yet merely curious ^ animalcuke,’ that rusts and smuts were 
generally supposed to he emanations of diseased states, and that ‘ sponteneous 
generation ’ was a hydra not yet destroyed, we obtain some notion of the condi- 
tion of this subject about 1860. 

As with other groups of plants, so with the Fungi, the first studies were those 
of collecting, naming and classifying, and prior to 1850 the few botanists who 
concerned themselves with these cryptogams at all were systematists. So far as 
the larger fungi are concerned, the classification attained a high degree of perfec- 
tion from the point of view of an orderly arrangement of natural objects, and the 
student of to-day may well look back at the keen observation and terse, vivid 
descriptions of these older naturalists, which stands in sharp contrast to much of 
the more slovenly and hurried descriptive work which followed. 

It may be remembered that even now we rely mainly on the descriptions and 
system of Fries (1821-1849) for our grouping of the forms alone considered as 
fungi by most people, and indeed wo may regard him as having done for fungi 
what Linnceus did for flowering plants. 

But, as you are aware, a large proportion of the Fungi are microscopic, and in 
spite of the conscientious and beautiful work of several earlier observers, among 
whom Corda stands pre-eminent, the classification and descriptions of the 
thousands of forms were rapidly bringing the subject into chaos. 

The dawn of a new era in Mycology was preparing, however.. A few isolated 
observers had already begun the study of the development of Fungi, hut their 
work was neglected, till Persoon and Ehrenberg at the beginning of this century 
again brought the subject into prominence, and then came a series of discoveries 
destined to stimulate work in quite other directions. 

The Tulasnes may be said to have brought the old period to a close and pre- 
pared the way for the new one ; thej'^ combined the powers of accurate observation 
with a marvellous faculty of delineation, and applied the anatomical method to 
the study of fungi with more success than ever before. Their new departure, 
however, is more evident in their selection of the parasitic fungi for study, and 
you all know how indispensable we still find their drawings of the germinating 
spores of the Smuts and Busts. It is difficult to say which of their works is the 
most masterly, but probably the study of the life-history of Claviccys puiyurea 
deserves first place, though successive memoirs on the Uredinere, Uetilaginese, 
Peronosporece, Tuberacese, and then that magnificent work the ^ Selecta Fungorum 
Carpologia,’ cannot be forgotten. 

In England, Berkeley was the man to link the period previous to 1800 with 
the present epoch. A systematist and observer of high power, and with a rare 
faculty for appreciating the labours of others, this grand old naturalist did work 
of unequalled value for the period, and the student who wishes to learn what was 
the state of mycology about this time will find it nowhere better presented than 
in Berkeley’s works, one of which — his ^ Introduction to Cryptogamic Botany ’ — 
is a classic. 

Like all classifications in botany, however, that of the Fungi now took two 
courses; one in the hands of those who collated names and herbarium-specimens, 
and proposed cut and dried, but necessary and from a certain point of view very 
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complete systems of classification, and those who, generalising from actual 
cultures and observation of the living plant, proposed outline schemes, the details 
of which should be filled in by their successors. 

No one who knows the liistory of botany during this century will deny that 
it is to the genius of De Bary that we owe the foundation of modern mycology, 
for it was this young Alsatian who, though profoundly influenced by the work of 
Von Mohl and Schleideu on the one baud,' and of Unger and the Tulasnes on the 
other, refused to follow (uther the school cf the phytotomists — though his 
laborious ‘ Comparative Anatomy of the Ferns and Phanerogams ’ shows how 
well equipped he was to be a leader in that direction — or that of the ana- 
tomical mycologists. No doubt the influence of Cohn, Pringsheim, and others 
of that new army of raicroscopists who were teaching the necessity of con- 
tinued observation of living organisms under the microscope, can be traced 
in impelling Do Bary to abandon the older methods, but his own unquestionable 
originality of thought and method came out v<^ry early in his investigations on 
the Lower Algio and Fungi. If 1 may compare a branch of science to an arm of 
the sea, we may look on Do Bary’s influence as that of a Triton rising to a 
surface but little disturbed by currents and eddies. The sudden upheaval of his 
genius set that sea rolling in huge waves, the play of which is not yet exhausted. 

The birth and flow of the new ideas, expressed in far-reaching generalisations and 
suggestions which are still moving, led to the revolutions in our notions of polymor- 
phism, parasitism, and the real nature of infection and epidemics. Ills development 
of the meaning of sexuality in Fungi, his startling discovery of heteroecisra, his 
clear exposition of symbiosis, and oven his cautious and almost wondering whisper of 
chemotaxis were all fruitful, and although the questions of enzyme-action and 
fermentation were not made peculiarly his own, ho saw the significance of these 
and many other phenomena now grown so important, and here, as elsewhere, 
thought clearly and boldly, and criticised fearlessly with full knowledge and 
justice. * 

I do not propose to occupy our time with even a sketch of the history of these 
and other ideas of this great botanist ; but rather pass to the consideration of a few 
of the results of some of them in the hands of later workers, in schools now far 
developed and widely independent of one another, but all deeply indebted to the 
genial little man whom we so loved and revered. 

The most marked feature noticed in the founding of the new schemes of classi- 
fication of the Fungi was the influence of the results of pure and continuous cultures 
introduced by l)e Bary. The eflect on those who followed can best he traced by 
examining the great systems of subsequent workers, led by Brefeld and Van 
Tieghem, and the writings of onr modern systernatists. This task is beyond 
my present scheme, however, and there is only time to remind you of the fungus 
floras of Saccardo, Constantin, Mas.see, and others, in this connection. 

The word ‘fermentation’ usually recalls the ordinary processes concerned in the 
brewing of beer and the making of wines and spirits ; but we must not forget that 
the word connotes all decompositions or alterations in the composition of organic 
substances induced by the life-activities of Fungi, and that it is a mere accident 
which brings alcoholic fermentation especially into prominence. 

I ventured some time ago to term alcoholic fermentation the oldest form of 
microscopic gardening practised by man, and this seems justified by v\hat we know 
of the very various and very ancient processes in this connection. 

But the making of beers, wines, and spirits, as we understand them, constitutes 
but a small part of the province of fermentation, and even when w^e have added 
cider and perry, ginger-beer, and the various herb and spruce beers to the list, we 
have by no means exhausted the tale of fermented drinks. Palm-wines of various 
kinds, toddy, pulque, arrack, kava, and a number of tropical alcoholic fermented 
liquors have to be included, and the koumiss and kephir of the Caucasus, the 
curious Kussian kwass, the Japanese sakt?, and allied rice-preparations must be 
mentioned, to say nothing of the now almost forgotten birch-beer, mead and 
raetheglin, and vai ious other strange fermented decoctions of our forefathers’ time 
or confined to out-of-the-way localities. 
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In all these cases the same principal facts come out — a saccharine liquid is 
exposed to the destructive action of fungi, which decompose it, and we drink the 
altered or fermented liquor. As is now well known, the principal agents in these 
fermentations are certain lower forms of fungi called yeasts, and since Leeuwen- 
hoeck, of Delft, discovered the yeast cells two hundred years ago, and La Tour, 
Schwann, and Kiitzing (about 1840) recognised them as budding plants, living on 
the sugar of the liquid, and which must be classed as Fungi, the way was paved for 
two totally different inquiries concerning yeast. 

One of these was the fruitful one instigated by Pasteur’s genius about 1860, 
and concerned the functions of yeast in fermentation. In the hands of Naegeli, 
Brefeld, and others abroad, and of A. J. and Horace Brown and Morris and others 
in England, Pasteur’s line of research was rapidly developed, and, as we all know, 
has had a wide influence in stimulating investigation and in suggesting new ideas ; 
and although the theory of alcoholic fermentation itself has not withstood all the 
criticism brought against it, and seems destined to receive its severest blow this 
year by E. Buchner’s isolation of the alcoholic enzyme, we must always honour 
the school which nursed it. 

The divergent line of inquiry turned on the origin and morphological nature of 
yeast. What kind of a fungus is yeast, and how many kinds or species of yeasts 
are there ? 

Reess, in 1870, showed the first steps on this long path of inquiry, and gave the 
name Saccharomyces to the fungus, showing that several species or forms existed, 
some of which develop definite spores. 

In 1883, Hansen, of Copenhagen, taking advantage of the strict methotls of 
culture introduced and improved by De Bary, Brefeld, Klebs, and other botanists, 
had shown that by cultivating yeast on solid media from a single spore it was 
possible to obtain constant types of pure yeasts, each with its own peculiar 
properties. 

One consequence of Hansen’s labours was that it now became possible for 
every brewer to work with a yeast of uniform type instead of with haphazard 
mixtures, in which serious disease forms might predominate and injure the beer. 
Another consequence soon appeared in Hansen’s accurate diagnosis of the specific 
■or varietal characters of each form of yeast, and among other things he showed 
that a true yeast may have a mycelial stage of development. The question of the 
nucleus of the yeast-cell, on which Mr. Wager will enlighten us, has also occupied 
^much attention, as have also the details of spore formation. 

Meanwhile, a question of very general theoretical interest had arisen. 

Keess, Zopf, and Brefeld had shown that many higher fungi can assume a 
yeast-like stage of development if submerged in fluids. Various species of Mvcovy 
UstilayOy Exoascus, and as we now know, numerous Ascomycetes and Basidio- 
mycetes as well, can form budding cells, and it was natural to conclude that 
probably the yeasts of alcoholic fermentation are merely reduced forms of these 
higher fungi, which have become habituated to the budding condition — a con- 
uclusion apparently supported by Hansen’s own discovery that a true Saccharomyces 
can develop a feeble but unmistakable mycelium. 

With many ups and downs this question has been debated, but as yet we do 
not know that the yeasts of alcoholic fermentations can be developed from higher 
fungi. 

During the last two years it appeared as if the question would be settled. 
Takamine stated that the Aspergillus used by the Japanese in brewing sak6 from 
rice develops yeast-like cells which ferment the sugar derived from the rice. 
J lihler and J orgeiisen then extended these researches and claimed to have found 
yeast-cells on other forms of fungi on the surface of fruits, and to have 
established that they develop endogenous spores — an indispensable character in 
the modern definition of the genus Saocharmnyces — and cause alcoholic fermen- 
tation. 

Klocker and Schionning have this last year published the results of their very 
ingenious and thorough experimental inquiry into this question, and find, partly 
by pure cultures of the separate forms, and partly by means of excellently devised 
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cultures on ripening fruits still attached to the plant, but imprisoned in sterilised 
glass Tessels, that the yeasts and the moulds are separate forms, not genetically 
connected, but merely associated in nature, as are so many other forms of yeasts, 
bacteria and moulds. 

It is interesting to notice how here, as elsewhere, the lessons taught by pure 
cultures are found to bear fruit, and how Hansen's work justifies the specialist’s 
laboratory. 

Among the most astonishing results that have come to us from such researches 
are Hansen’s discoveries that several of the yeasts furnish quite distinct races or 
varieties in different breweries in various parts of the world, and it seems impos- 
sible to avoid the conclusion that their race characteristics have been impressed on 
the cells by the continued action of the conditions of culture to which they have 
so long been exposed — they are, in fact, domestic races. 

Much work is now being done on the action of the environment on yeasts, and 
several interesting results have been obtained. One of the most striking examples 
is the fact observed by Sauer, who found that a given variety of yeast, whose 
activity is normally inhibited when the alcohol attains a certain degree of concen- 
tration in the liquid, can be induced to go on fermenting until a considerably higher 
proportion of alcohol is formed if a certain lactic- acid bacterium is added to the 
fermenting liquor. The bacterium, in fact, prepares the way for the yeast. Ex- 
periments have shown that much damage may be done to beers and wines by 
foreign or weed germs gaining access with the yeasts, and Hansen has proved that 
several yeasts are inimical to the action of the required fermentation. But not all 
pure fermentations give the desired results: partly because the race-varieties of 
even the approved yeasts differ in their action, and partly, as it appears, on account 
of causes as yet unknown. 

There are facts which lead to the suspicion that the search for the best possible 
variety of yeast may not yield the desired results, if this particular form is used 
as a pure culture. The researches of Ilanscm, Kothenbach, Delbruck, Van Laer, 
and others, suggest that associated yeasts may ferment better than any single yeast 
cultivated puie, and cases are cited where such a symbiotic union of two yeasts of 
high fermenting power has given better results than either alone. 

If these statements are confirmed, they enhance the theoretical importance of 
some investigations I had made several years previously. English ginger-beer 
contains a curious symbiotic association of two organisms — a true yeast and a true 
bacterium — so closely united that the yeast-cells imprisoned in the gelatinous 
meshes of the bacterium remind one of the gonidia ot a lichen entangled in the 
h3ph{]e of the fungus, except that there is no chlorophyll. Now it is a singular 
fact that this symbiotic union of yeast and bacterium ferments the saccharine 
liquid far more energetically than does either yeast or bacterium alone, and results 
in a different product, large quantities of lactic and carbonic acids being formed, 
and little or no alcohol. 

In the kephir used in Europe for fermenting milk, we find another symbiotic 
association of a yeast and a bacterium ; indeed, Freudenreich declares that four 
distinct organisms are here symbiotically active and necessary, a result not con- 
firmed by my as yet incomplete investigation. I know of at least one other case 
which may turn out to be different from either of the above. Moreover, examples 
of these symbiotic fermentations are increasing in other directions. 

Kosai, Yabe, and others have lately shown that in the fermentations of 
rice to produce sak^*, the rice is first acted on an Aspergillus^ which converts 
the starch into sugars, and an associated yeast — hitherto regarded as a jeast-form 
of the Aspergillus^ but, as nlreadj’' said, now shown to ho a distinct fungus sym- 
biotically associated with it — then ferments the sugar, and other similar cases are 
on record. 

Starting from the demonstrated fact that the constitution of the medium pro- 
foundly affects the physiological action of the fungus, there can he nothing sur- 
prising in the discovery that the fungus is more active in a medium which has 
been favourably altered by an associated organism, whether the latter aids the 
fungus by directly altering the medium, or by ridding it of products of excretion 
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or by adding some gas or other body. This granted, it is not difficult to see that 
natural selection will aid in the perpetuation of the symbiosis, and in cases like 
that of the gingor-beer plant it is extremely difficult to get the two organisms 
apart, reminding us of the similar difficulty in the case of the sored ia of Lichens. 
Moreover, experiments show that the question of relative abundance of each 
constituent affects the matter. 

1 must now return for a moment to Buchner’s discovery that by means of 
extremely great pressures a something can be expressed from yeast which at once 
decomposes sugar into alcohol and carbon-dioxide, and concerning which Dr. Green 
will inform us more fully. This something is regarded by Buchner as a sort of 
incomplete protoplasm — a body composed of proteid, and in a structural condition 
somewhere between that of true soluble enzymes like invertin and complete living 
protoplasm. 

If this is true, and Buchner’s zymase turns out to be a really soluble enzyme, 
the present theory of alcoholic fermentation will have to be modified, and a 
reversion made towards Traube‘s views of 1858, a reversion for which we are in a 
measure prepared by Miquel’s proof in 18(K) that Ur'aso, a similar body extracted 
from the urea-bacteria, is the agent in the fermentation of urea. At present, 
however, we are not sufficiently assured that the body extracted by Buchner is 
really soluble, and I am told that very serious difficulties still face us as to what 
solution is. The enormous pressures required, ai^d the fact that the ^ solution ’ 
coagulates as a whole, might suggest that he was dealing with expressed proto- 
plasm, still alive, but devoid of its cell-wall ;* against this, however, must be urged 
the facts that the ^ solution’ can be forced through porcelain and still act, and this 
even in the presence of chloroform. 

We may fairly expect that the further investigation of Buchner’s ^ zymase,’ 
Miquel’s ‘ urase,’ and the similar body obtained by E. Fischer and Lindner from 
Moiiilia Candida will help in deciding the quefation as to the emulsion theory of 
protoplasm itself. 

In any case, soluble or not, these enzymes are probably to be regarded as bits 
off the protoplasm, as it were, and so the essentials of the. theory of fermentation 
remain, the immediate machinery being not that of protoplasm itself, hut of some- 
thing made by or broken off from it. Enzymes, or similar bodies, are now known 
to be very common in plants, and the suspicion that fungi do much of their work 
with tlieir aid is abundantly confirmed. 

Payen and Persoz discovered diastase in malt extract in 1838, and in 1830 
Schwann discovered peptase in the juices of the animal stomach. Since that time 
several other enzymes have been found in both plants and animals, and the 
iiK'thods for extracting them and for estimating their actions have been much 
improved, a province in which Horace Brown, Green, and Vines have contributed 
results. 

It seems not improbable that there exists a whole series of these enzymes which 
have the power of carrying over oxygen to other bodies, and so bringing about 
oxidations of a peculiar character. These curious bodies were first observed 
owing to studies on the changes which wine and plant juic(;s undergo when exposed 
to the action of the oxygen of the air. 

In the case of the wine certain changes in the colour and taste were traced to 
conditions which involved the assumption that some body, not a living organism, 
acts as an oxygen-carrier, and the activity of which could be destroyed by heating 
and antiseptics. It was found that similar changes in colour and taste could he 
artificially produced by the action of ozone, or by passing an electric current 
through the new wine ; indeed, it is alleged that the ageing of wine can he suc- 
cessfully imitated by these devices, and is actually a commercial process. 

The browning of cut or broken apples is now shown to be due to the action of 
a similar oxydase — f.e. an oxygen-carrying ferment, and the same is claimed for 
the deep-colouring of certain lacks, or lackers, obtained from the juice of plants 
such as the Anacardiacece, which are pale and transparent when fresh drawn, but 
gradually darken in colour on exposure to air. Bertrand found in these juices an 
oxydase, which he terms laccase^ and which affects the oxygen-carrying, and con- 
verts the pale fluid juice to a hard dark brown varnish. 
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Other oxydases have been isolated from beets, dahlia, potato-tubers, and several 
other plants. 

These discoveries led Bourquelot and Bertrand in 1895 to the explanation of a 
phenomenon long known to botanists, and partly explained by Schdnbein as far 
back as 1868. If certain Fungi (e.g., Boletus hiridus) are broken or bruised, the 
yellow or wliite flesh at once turns blue : the action is now traced to the presence 
in the cell-sap of an oxydase, the existence of which had been suspected but not 
proved, and the observers named assert that many fungi (69 out 107 species 
examined) contain such oxydases. 

It will be interesting to see how far future investigations support or refute the 
suggestion that many ot the colour-changes in diseased tissues of plants attacked 
by fungi are due to the action of such oxydases. 

Wortmann, in 1882, showed that bacteria, which are capable of secreting 
diastase, can be made to desist from secreting this enzyme if a sufficient supply of 
sugar be given them, and since then several instances have been discovered where 
fungi and bacteria show changes in their enzyme actions according to the nature of 
their food supply. Nor is this confined to fungi. Brown and JMorris, in 1892, 
gave evidence for the same in the seedlings of grasses : as the sugar increased, the 
production of diastase diminished. 

It is the diastatic activity of Aspergillus which is utilised in the making of 
sakd from rice in Japan, and in the preparation of soy from the soja bean in the 
same countr}’^, and a patented process for obtaining diastase by this means exists ; 
and Katz has recently tested the diastatic activity of this fungus, of Benicillbnn, 
and of Bacterium megatherium in the presence of large and small quantities of 
sugar. All three organisms are able to produce not only diastase, but also other 
enzymes, and the author named has shown that as the sugar accumulates the 
diastase formed diminishes, whereas the accumulation of other carbohydrates 
produces no such effect. 

Ilartig’s heautifiil work on the destruction of timber by fungi obtains new 
interest from Bourqiielot’s discovery of anemulsion-like enzjme in many such wood- 
destroying torms. This enzyme splits the Glucosides, Amygdalin, Salicin, Couilerin, 
&c., into sugars and other bodk'S, and the hyphm feed on the carbo-hydrates. I 
purpose to recur to this subject in a communication to this Section. The 
tact that Aspergillus can form invert ins of the siicrase, maltase, and trehalase 
types, as well as emulsin, inulase, diastase, or trypsin, according to circumstances 
of nutrition, will explain why this fungus can grow on almost any organic 
substratum it alights on, and other examples of the .same kind are now coming 
to hand. 

Th(' st'cretion of special enzymes by fungi has a peculiar intere.st just now, for 
recent investigations promise to bring us much nearer to an understanding of the 
phenomena of parasitism than we could hope to attain a few years ago. 

Be Bary long ago xiointed out that wluui the infecting germinal tube of a 
fungus enters a plant-cell, two phenomena must be taken into account, the 
penetration of the cell-walls and tksucs, and the attraction which causes the lips 
of the growing hypha to face and penetrate these obstacles, instead of gliding over 
them in the lines of apparent least resistance. 

The further development of the^e two themes has been steady and unobtrusive, 
and from various quite unexpected directions more light has been obtained, so that 
we are now in a position to see pretty clearly what are the principal factors involved 
in the successful attack of a parasitic plant on its victim or *■ host.’ That fungi 
€an excrete cellulose-dissolving enzymes is now well known, and that they can 
produce enzymes wffiicli destroy lignin must be inferred from the solution of wood- 
cells and other lignified elements by tree-destroying fungi. Zopf has collected 
several examples of fungi which consume fats, and further cases are cited by 
Schmidt, by llitthausen, and Baumann. In these cases also there can be no doubt 
that an enzyme or similar body is concerned. 

There is one connection in which recent observations on enzymes in the plant- 
cell promise to be of importance in explaining the remarkable destructive action 
of certain rays of the solar-light on bacteria. As you are aware, the English 
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observers Downes and Blunt showed long ago that if bacteria in a nutrient fiq'uic! 
are exposed to sunlight, they are rapidly killed. Further researches, in which I 
have had some part, gradually brought out the facts that it is really the light rays 
and not high temperatures which exert this bactericidal action, and by means of a 
powerful spectrum and apparatus furnished by the kindness of Professor Oliver 
Lodge I was able to obtain conclusive proof that it is especially the blue-violet 
and ultra-violet rays which are most elective. This proof depended on the pro- 
duction of actual photographs in bacteria of the spectrum itself. Apart from this, 
I had also demonstrated that just such spores as those of anthrax, at the same, 
time pathogenic and highly resistent to heat, succumb readily to the action of 
these cold light-rays, and that under conditions which preclude their being poisoned 
by a liquid bathing them. 

The work of Brown and Morris on the daily variations of diastatic enzyme in 
living leaves, and especially Green’s recent work on the destructive action of light 
on this enzyme, point to the probability that it is the destruction of the enzymes 
with which the bacterial cells abound which brings about the death of the cell. 

That these matters are of importance in limiting the life of bacteria in our 
streets and rivers, and that the sun is our most powerful scavenger, has been 
shown by others as well as myself. Jn this connection may also be mentioned. 
Martinand’s observations, that the yeasts necessary for wine-making are deficient 
in numbers and power on grapes exposed to intense light, and he explains the 
better results in Central France as contrasted with those in the South as largely 
due to this fact. \Vhether, or how far, theT curious efl'ects of too intense illumina- 
tion in high latitudes and altitudes on plants which might be expected to grow 
normally there, can be explained by a destructive light action on the enzyme of 
the leaves, has not, so far as I know, been tested ; but Green’s experiments 
certainly seem to me to point to the possibility of this, as do the previous 
experiments with screens of Pick, Johow, myself, and others. 

It is interesting to note that Wittlin and others have confirmed the conclusion 
my own few trials with lldntgen rays led to ; they show no action whatever. 

That branch of mycology which is now looked upon by so many as a separata 
department of science, usually termed bacteriology, only took shape in the years 
1875-79, when its founder, the veteran botanist Cohn, who recognised that the 
protoplasm of plants corresponded to the animal sarcode, and who has been 
recently honoured by our Royal Society, published his exact studies of theso 
minute organisms, and prepared the way for the specialists who followed. 

It is quite true that isolated studies and observations on bacteria had been, 
made from time to time by earlier workers than Cohn, though it is usually over- 
looked that Cohn’s first paper on Bacteria was published in 1853. Fhreiiberg 
in particular had paid special attention to some forms ; but neither he nor his 
successors can be regarded as having founded a school as Cohn did, and this 
botanist may fitly be looked upon as the father of bacteriology, the branch of 
mycology which has since obtained so much diversity. 

It should not be overlooked that the first proof that a specific disease of the 
higher animals is due to a bacillus, contained in Koch’s paper on Anthrax, waa 
published under Cohn’s auspices and in his ‘ Beitrage zur Biologie der Pflanzen ’ 
in 1876, four years after Schroeter’s work from the same laboratory on pigmented 
bacteria, and that the plate illustrating Koch’s paper was in part drawn by Cohn. 

It )s of primary importance to recognise this detail of Koch’s training under 
Cohn, because, as I have shown at length elsewhere, popular misapprehensions as 
to what bacteriology really consists in have been due to the gradual specialisation 
into three or four different schools or camps of a study which is primarily a branch 
of botany ; and, again, it is of importance to observe that the whole of this particular 
branch of mycology, to which special laboratories and an enormous literature are 
now devoted, has arisen during the last quarter of a century, and subsequent to 
the foundation of scientific mycology by De Bary. When we reflect that tho 
nature of parasitic fungi, the actual demonstration of infection by a fungus spore, 
the transmission of germs bv water and air, the meaning and significance of poly- 
morphism, beteroecism, symbiosis, had already been rendered clear in the case of 



TRANSACTIONS OF SECTION K. 


841 


fungi, and that it was by these and studies in fermentation and in the life-history 
of the fungus Saccharomyces that the way was prepared for the aetiology of 
bacterial diseases in animals, there should be no doubt as to the mutual bearings of 
these matters. 

Curiously enough, it was an accident which deflected bacteriology along lines 
which have proved so significant for the study of this particular group of minute 
organisms, that an uninitiated visitor to a modern bacteriological laboratory (which 
in England, at any rate, is usually attached to the pathological department of a 
medical school) hardly perceives that he is in a place where the culture of micro- 
scopic plants is the chief object — for the primary occupation of a bacteriologist is 
really, after all, the cultivation of minute organisms by the method of * micro- 
scopic gardening,’ invented by De Bary, Klebs, and Brefeld, whether the medium 
of culture is a nutritive solution, or solid organic substrata like potato, agar, or 
gelatine, or the tissues of an animal. 

This accident — 1 use the word in no disrespectful sense — was Koch’s ingenious 
modification of the use of gelatine as a medium in which to grow bacteria : he hit 
upon the method of pouring melted gelatine containing distributed germs on to 
plates, and thus isolating the colonies. 

Pasteur and Cohn had already coped with the difficulty of isolating mixed 
forms by growing them in special fluids. When a given fluid favoured one form 
particularly, a small quantity containing this predominant species was put into 
another flask of the fluid, then a drop from this flask transferred to a third flask, 
and so on, until the last flasks contained only the successful species, the others 
having been suppressed : these ‘ fractional cultures ’ were brought to a high state 
of perfection by the botanist Klebs in 1873. 

Then Brefeld (1872) introduced the method of dilution — i.e.y he diluted the 
liquid containing his spores until each single drop taken contained on the average 
one spore or none, whence each flask of sterile nutritive solution receiving one drop 
contained either none or one spore. Brefeld was working with fungi, but Lister — 
now Lord Lister, and our late President — applied this * dilution method ’ to his 
studies of the lactic fermentation in 1878, and Naegeli, Miquel, and Duclaux carried 
it further, the two latter especially having been its chief defenders, and Miquel 
having employed it up to quite recently. 

Solid media appear to have been first generally used by Schroeter in 1870, 
when he employed potatoes, cooked and raw, egg-albumen, starch-paste, flesh, &c. 
Gelatine, which seems to have been first employed by Vittadim in 1852, was 
certainly used by Brefeld as early as 1874, and even toAlay his admirable lecture 
on Methoden zur U?itersuchufiy der Pilze of that date is well worth reading, if 
only to see how cleverly he obtains a single spore isolated in gelatine under tha 
microscope. Klebs used gelatine methods in 1873. 

We thus see that when Koch proposed his method of preparing gelatine plate- 
cultures in 1881 he instituted, not a new culture-medium, for cultures on solid, 
media, including gelatine, had been in use by botanists for eight or ten years ; nor 
did he introduce methods for the isolation of spores, for this had been done long 
before. What he really did was to ensure the isolation of the spores and colonies- 
wholesale, and so facilitate the preparation of pure cultures on a large scale, and 
with great saving of time. 

It was a brilliant idea, and, as has been said, ‘ the Columbus egg of Bac~ 
teriology ; ’ but we must not lose sight of the fact that it turned the current of 
investigation of bacteria from the solid and reliable ground established by Cohn, 
Brefeld, and Be Bary, into a totally new channel, as yet untried. 

We must remember that Be Bary and Brefeld had aimed at obtaining a single 
spore, isolated under the microscope, and tracing its behaviour from germination^ 
continuously to the production of spores again ; and when we learn how serious 
wore the errors into which the earlier investigators of the mould-fungi and yeasts 
fell, owing to their failure to trace the development continuously from spore to 
spore, and the triumphs obtained afterwards by the methods of pure cultures, it 
is not dilficult to see how inconclusive and dangerous all inferences as to the mor- 
phology of such minute organisms as bacteria must be unless the plant has been 
80 observed. 
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As matter of fact, the introduction and gradual specialisation of Koch’s methods 
of rapid isolation of colonies encouraged the very dangers they were primarily 
intended to avoid. It was soon discovered that pure cultures could be obtained 
so readily that tlie characteristic differences of the colonies in the mass could 
presumably be made use of for diagnostic purposes, and a school of bacteriologists 
arose who no longer thought it necessary to patiently follow the behaviour ot the 
single spore or bacillus under the microscope, but regarded it as sufficient to 
describe the form, colour, markings, and physiological changes of the bacterial 
colonies themselves on and in different media, and were content to remove speci- 
mens occasionally, dry and stain them, and describe their forms and sizes as they 
appeared under these conditions. 

To the botanist, and from the points of view of scientific morphology, this 
mode of procedure may be compared to what would happen if we were to frame 
our notions of species of oak or beech according to their behaviour in pure forests, 
or of a grass or clover according to the appearance of the fields and prairies com- 
posed more or less entirely of it, or — and this is a more apt comparison, because 
we can obtain colonies as pure as those of the bacteriologist — of a mould-fungus 
according to the shape, size, and colour, &c., of the patches which grow on bread, 
jam, gelatine, and so forth. 

Now it is obvious that this is abandoning the methods of morphology, and 
the consequence has been that two schools of descriptive bacteriologists are 
working along different lines, and the ^spe(fies’ of the one — the test-tube school — 
cannot be compared with those of the other, the advocates of continuous culture 
from the spore. 

The difficulty of isolating a bacterium and tracing its whole life-history under 
the microscope is so great, that the happy pioneers into the fascinating region 
opened up by the test-tube methods may certainly claim considerable sympathy 
in their cry that they cannot wait. Of course they cannot wait ; no amount of 
argument will prevent the continual description of new test-tube ‘species,’ and 
all we can do is to go on building up the edifice already founded by the botanists 
Cohn, Brefeld, De Barj, Van Tieghem, Zopf, Pra/mowski, Beyerinck, Fischer, 
and others who have made special studies of bacteria. 

The objection that such work is slow and difficult has no more weight here 
than in any other department of science, and in any case tbe test-tube school is 
already in the plight of being frequently unable to recognise its own ‘ species,’ 
as I liave convinced myself by a long-continued series of cultures with the object 
of naming common bacteria. 

I wish to guard myself against misconstruction in one particular here. It is 
not insinuated that the test-tube methods and results are of no value. Far from it ; 
a vast amount of preliminary information is obtained by it; but I would insist upon 
the discouragement of all attempts to make ‘ species’ without microscopic culture ; 
and continuous observation of the development as far as it (*an be traced. 

The close connection between bacteriology and medicine has been mainly 
responsible for the present condition of affairs; hut it is high time we recognised 
that bacteriology only touches animal pathology at a lew points, and that the 
public learn that, so far from bacteria being synonymous with disease germs, the 
majority of these organisms appear to he beneficial rather than inimical to man. 
There is not time to attempt even a brief description of all the ‘ useful fi'rmenta- 
tions’ due to bacteria, but the following cases will point the conviction that 
a school of bacteriology, which has nothing to do with medical questions, hut 
investigates problems raised by the forester, agriculturist, and gardener, the 
dairyman, brewer, dyer, and tanner, &c., will yet be established in England 
in connection with one or other of our great botanical centres. 

There are many industrial processes which depend more or less for their success 
on bacterial fermentations. The subject is young, but the little that has been 
discovered makes it imperative that we should go on, for not only are the results of 
immense importance to science, but they open up vistas of practical application, 
which are already being taken advantage of in commerce, and we may be sure that 
every economic application of such knowledge will give the people employing it an 
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advantap:e over those who proceed by the old rule-of-thumb methods, where 
nobody knows or cares where the waste or leakage occurs that spoils a commercial 
product. 

The discovery by Alvarez of the bacillus which converts a sterilised decoction 
of indigo-plant into indigo sugar and indigo white, the latter then oxidising to form 
the valuable blue dye, whereas the sterile decoction itself, even in presence of 
oxygen, forms no indigo, may be cited as a case in point. It remains to be decided 
whether this bacillus alone is concerned, or whether the infusion of indican will fer- 
ment under the action of enzymes alone derived from the leaves of the indigo plant. 
It also remains for future investigation to determine whether the indigo bacillus is 
the same as the pneumonia bacillus — which resembles it — and will also induce the 
indigo fermentation, and to explain why the woad-makers of the Fens find a sale 
for this indigo preparation among the indigo makers, as well as to clear up certain 
mysterious ‘ diseases ’ in the indigo-vats. ()ur much more extensive knowledge of 
the diseases of beer and wine suggests the possibility of profitable bacteriological 
investigations in several directions here. 

That certain stages in the preparation of tobacco leaves — as also in the pre- 
paration of tea — depend on a carefully regula.ted fermentation, which must he 
stopped at the right moment, or the product is impaired, or even ruined, has long 
been known. Regarding the possible role of bacteria in the preparation of tea, 
nothing is ascertained, but, if Suchsland’s investigations are confirmed, there is 
among the many and various organisms concerned in the fermentation of W est 
Indian tobacco a bacterium which has been isolated and plays an important part. 
It is claimed that the flavour of European-grown tobacco can bo materially 
improved by its use. T read that the process is patented, which may or may not 
affect its value as a scientific announcement ; but in view of the increasing number 
of researches into this subject by Behrens, Davalos, Schloesing, and others, it is 
evidently a domain for further bacteriological investigations in a properly equipped 
laboratory. 

Every botanist knows that flax and hemp are the bast fibres of TAnuin 
and Cannahn respectively; separated by steeping in water until the middle 
lamella is destroyed and the fibres isolated ; but it is perhaps not so well known 
that not every water is suitable for this * retting^ or steeping process, and for a 
long time this was us much a mystery as why some waters are better than others 
for brewing. 

Only quite recently Frihes, working under Winogradsky, has isolated the 
bacillus which accomplishes this dissolution of the middle lamella, and its 
behaviour brings to light some very interesting details, and furnishes another of 
those cases where the reactions of living micro-organisms can be utilised iu 
deciding questions of plant chemistry too subtle for testing with ordinary reagents. 

You are aware that recent researches, especially those of Maquin in France 
and of Walter Gardiner in Cambridge, Cross and Be van and others, have caused 
us to discard the view that the middle lamella is composed of cellulose, and to 
learn that it consists of pectin compounds. Now Frihes’ anaerobic bacillus dis- 
solves and destroys pectins and pectinates, hut does not touch cellulose or gum, 
and thus enables us to criticise from a new point of view the bacillus (7y. Amylo- 
bacter) which Van Tieghem asserted to he the cause of cellulose fermentation and 
of the retting of flax. Clearly it cannot he both, otherwise the flax-fibre would be 
destroyed ; and we know from other facts that B. Amylobacter is not the cellulose 
ferment. 

F ribes’ discovery has yet to be tested with reference to other processes of 
retting. The Indian Government have lately published a series of notes on jute 
and other fibres, and the description of the retting of jute suggests this as a very 
definite problem for investigation. 

I am told that a patent exists in the United States for a process whereby the 
retting organisms may bo sown and encouraged in waters otherwise unfitted for 
the steeping of flax, &c., another indication of the keen interest taken in these 
matters. 

It goes without saying that the steeping of skins in water in preparation for 
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tanning involves bacterial actions, owing to which the hair and epidermal cover- 
ings are removed ; but it appears from recent investigations that in the process of 
swelling the limed skins, the gases evolved in the substance of the tissues, and the 
evolution of which causes the swelling and loosens the fibre so that the tanning 
solutions may penetrate, are due to a particular fermentation, caused by a bacterium 
which, according to Wood and Wilcox, is similar to, if not identical with, a lactic 
ferment. If Ilaenlein’s results may be accepted, it is a bacillus introduced into 
the tanning solution by the pine bark, which is responsible for the advantageous 
acidification of the tanning solutions much valued for making certain kinds of 
leather, and of decisive importance in the quality, so that tanners add the souring 
liquor of other vats to encourage the souring of the doubtful one. 

Hay is made in very different ways in difierent countries, and in those where a 
* spontaneous ’ heating process is resorted to there seems to be no doubt that cer- 
tain thermogenic bacteria are concerned. The researches of Bohmer, Dietrich, 
Fry, Lafar, and others show that here and in the preparation of ensilage we have 
important fermentation processes which aftcct the end result. 

The whole question of fermentation in hay, and the high temperatures produced 
in the process, as well as what occurs in straw- stacks under similar conditions, 
have important theoretical bearings, and we know of bacilli wliich grow at 70° 0. 

Probably no other subject in this domain has, however, attained so much im- 
portance as the bacteriology of the dairy — the study of the bacteria found in milk, 
butter, and cheese in their various forms. ^In all cases of this kind, as in brewing, 
bread-making, and so on, there are three ^pects of the bacteriology of the opera- 
tions: we have to consider first the bacteria concerned in the normal process; 
secondly, introduced forms which bring about abnormalities, or ‘ diseases ’ of the 
normal operation ; and, thirdly, the possible pathogenic bacteria, i.e.^ pathogenic to 
man, which may lurk in the product. 

Of milk especially much has been said as a disease-transmitting medium, and 
with good reason, as is well known ; and if we may accept the statement of a Con- 
tinental authority, who calculated that each time we eat a slice of bread and 
butter we devour a number of bacteria equal to the population of Europe, we 
have grounds for demanding information as to what these bacteria are, and what 
they are doing. And similarly with cheese, every kind of which teems with 
millions of these minute organisms. 

Now I cannot, of course, go into the question of pathogenic bacteria, nor is 
there time to discuss those forms which bring about undesirable or abnormal pro- 
cesses in the dairy ; but I want to call your attention to the splendid field for 
bacteriological investigation which is being opened up by inquiries into the normal 
changes utilised in making butter and cheese. 

VVe may pass over the old controversies as to the souring of milk, culminating 
in Pasteur’s discovery of the bacteria of lactic fermentation in 1857-58. Lister iu 
1877 isolated Bacterium lactis. Ilueppo in 1884 confirmed his results, and added 
several other lactic bacteria, and we now know a whole series of forms which can 
turn milk sour by fermenting its sugar, and this in various ways, as Warington 
and others have shown. The souring of milk and cream by merely leaving it to 
stand often led to failure, and the study of this preliminary to butter- and cheese- 
making is itself a bacteriological question of great importance. We shall not bo 
surprised, therefore, that when, in 1890, Wiegmann proposed to use pure cultures 
of lactic-acid bacteria for the souring of cream, the plan was at once taken up. 

Some years ago Storch found that the peculiar aroma of a good butter was due 
to a bacterium which he isolated, and Wiegmann has now two forms, or races, 
one of which develops an exquisite flavour and aroma, but the butter keeps badly,, 
while the other develops less aroma, while the butter keeps better. 

According to a recent publication of Conn’s, however, this subject has been 
advanced considerably in America, for they have isolated and distributed to 
numerous dairies pure cultures of a particular butter-bacillus which develops the 
famous ‘ June flavour ’ hitherto only met with in the butter of certain districts 
during a short season of the year. I am told that this fine-flavoured butter is novir 
prepared constantly in a hundred or more American dairies. Simultaneously with 
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these advances in the manufacture of pure butter with constant flavour, the days 
of * diseased ’ butters seem numbered. 

Properly considered, the manufacture of cheese is a form of microscopic garden- 
ing even more complex and more horticultural in nature than the brewing of beer. 
From the outset, when the cheesemaker guards and cools his milk tiU his stock is 
ready, he is doing all he knows how to do to keep down the growth of the germs 
introduced into the milk ; he then coagulates it, usually with rennet — an enzyme 
of animals, but also common in plants — and the curd thus prepared is simply 
treated as a medium on which he grows certain fungi and bacteria, with the need- 
ful precautions for favouring their development, protecting them against the in- 
roads of animal and plant pests, and against unsuitable temperature, moisture, 
access of light, and so on. Having succeeded in growihg the right plants on his 
cur^d, his art then demands that he shall stop their growth at the critical period, 
and his cheese is ready for market. 

The investigations of Duclaux, Wiegmann, and others on the Continent, of 
Conn in America, and of Lloyd in England, to say nothing of other workers now 
busy at this subject in various parts of the world, are getting at the particular 
forms of fungi concerned in so altering the constitution of curd that it becomes the 
very different article of food we call cheese, and they have even determined to 
some extent what role is played by these plants in giving the peculiar odours and 
flavours to such diflerent cheeses as Camembert, Stilton, and Koquefort. It is 
known, for instance, that a certain fungus {Pemcillium) cultivated on bread is 
purposely added to Roquefort, and that it destroys the lactic and other acids and 
so enables certain bacteria in the cheese, hitherto inhibited in their actions by 
these acids, to set to work and further change tiie medium, whereas in making 
Emmenthaler cheese the object is to prevent this fungus thus paving the way for 
these bacteria. Pammel claims to have discovered a bacillus which gives a peculiar 
and much-admired clover aroma to certain cheeses, and according to recent state- 
ments a definite Streptococcus is responsible for the peculiarities of certain Dutch 
cheeses, and so on. Nevertheless, we are still profoundly ignorant of most of the 
forms concerned in the ripening of cheese, and every research which throws light 
on this difficult and complex subject, and so paves the way to rendering uniform 
and certain this at present most haphazard and risky manufacture will be doing 
service to the State. Considering that Colin only discovered that the ripening 
process is due to bacteria in 1875, and that Duclaux only published his researches 
on Tyrothrix in 1878, we can scarcely be surprised that the interval has not been 
long enough for the isolation and study of the numerous and curious forms, several 
hundreds of which are now imperfectly known. Nevertheless, there are signs of 
advance in various directions, and researches into the mysteries of Roquefort, 
Gorgonzola, Emmenthaler, and other cheeses are being industriously pursued on 
the Continent. Even as I write this comes the news that Freudenreich has dis- 
covered the coccus which causes the ripening of Emmenthaler cheese. It is not 
impossible that the much more definite results obtained by investigations into the 
manufacture of the vegetable cheeses of China and Japan will aid bacteriologists in 
their extremely complex task. 

These vegetable cheeses are made by exposing the beans of the leguminous 
plant Glycine — termed soja-beans — to bacterial fermentations in warm cellars, 
either after preliminary decomposition by certain mould-fungi, or without this. The 
processes vary considerably, and several different kinds of bean-cheeses are made, 
and known by special names. They all depend on the peculiar decompositions of 
the tissues of the cotyledons of the soja-bean, which contain 36 to 40 per cent, of 
proteids and large quantities of fats. The softened beans are first rendered 
mouldy, and the interpenetrating hypbse render the contents accessible to certain 
bacteria, which peptonise and otherwise alter them. 

Here, however, I must bring this subject to a close, and time will not permit 
of more than the mere mention of the vinegar fermentation, to which Mr. Adrian 
Brown has lately contributed valuable knowledge, of the preparation of soy, a 
brine extract of mouldy and fermented soja-beans, of bread-making, and other 
equally interesting cases, 
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When the idea of parasitism was onco rendered definite, as it was by Do Baryta 
work, and the fundamental distinction between a parasite and a saprophyte had 
been made clear, it soon became evident that some distinction must bo made 
between obligate facultative parasites and sairrophytes respectively ; but when 
Be Bary proposed the adoption of these terms of Van Tieghem’s he can hardly 
have contemplated tliat they would be abused as they have been, and was clearly 
alive to the existence of transitions which we now know to be so numerous 
and so gradual in character that we can no longer define any such physiological 
groups. 

Twenty years ago Tenicillium and Mucor would have been regarded as 
saprophytes of the most obligate type, but we now know that under certain 
circumstances these fungi can become parasites ; and the border-land between 
facultative parasites and saprophytes on the one hand and between the former 
and true parasites on the other can no longer be recognised. 

In 1866 the germ of an idea was sown which has taken deep root and extended 
very widely. I)e Bary pointed out that in the case of lichens we have either a 
fungus parasite on an alga, or certain organisms hitherto accepted as algm are 
merely incomplete forms. In 1868 Schwedendener declared the lichen to be 
a compound organism. 

In 1879, in his celebrated lecture. Be Bary definitely launched the new hypo- 
thesis, and brought together the facts which warranted his disturbance of the 
serenity of those unprepared to accept so startling a new notion as Symbiosis. 

The word itself, in the form ‘ Symbintismus,’ is due to Frank, who, in an 
admirable paper on the biology of the thallus of certain lichens, very clearly set 
forth the existence of various stages of life in common. 

This ]'-aper has been too much overlooked; but its existence is the more note- 
worthy from its being in the same number of the ‘ Beitrage zur Biologie ’ — which 
we owe to Cohn, the founder of scientific bacteriology — in which Koch’s remark- 
able paper on Anthrax occurs. 

The details of these matters are now principally of historical interest ; we now 
know that lichens are dual organisms, composed of various algfe, symbiotic 
with ascomycetes and even basidiomycetes, and, as Massee has shown, even 
gastromycetes. The soil contains also bacterio-lichens. The point for our con- 
sideration is rather that botanists were now awakened to a new biological idea — 
viz., that a fungus may be in such nicely balanced relationships with the host 
from which it derives its supplies as to afford some advantage in return, whence 
we must look upon the limited liability company formed by the two symbionts 
as a better business concern than either of the plants could establish for itself — 
a case, in fact, where union is strength. Symbiosis, consequently, is now under- 
stood to be of advantage to both the symbionts, and not to one only, as is the case 
in parasitism, or, to use Vuillemin’s term. Antibiosis. 

In 1841 an English botanist, Edwin Lees, discovered tlie existence of 
hirsuture that appears like a hyssoid fungus ’ on the roots of Monotropa, and 
observed that the hyphae linked the roots to those of a beech ; he regarded the 
fungus as conveying nutriment from the latter to the former, and as an essential 
constituent of the Monotropa. This discovery was published in the now defunct 
‘ Phytologist ’ forBecember 1841, and was unearthed by Oliver andbyBr. Byer, of 
Kew. This is apparently the first observation of a mycorhiza yet recorded, and, 
although the naturalists referred to did not understand the full significance of 
Lees’ find, several of them made excellent guesses as to the meaning of the pheno- 
menon. As Br. Byer points out, it disposes of Wahrlich’s claim that Schleiden 
(1842) first discovered mycorhiza, as well as of Woronin’s contention that the 
priority is due to Kamienski, though the latter (1881-82) probably was the first 
to clearly indicate that we have here a case of symbiosis, and thus anticipated 
Frank’s generalisation in 1885. 

Kamienski and Frank, followed by numerous other observers, among whom 
Oliver and Groom are to be mentioned, have now shown that the peculiar type of 
symbiosis expressed in this intimate union of fungus-hyphai with the living cells of 
the roots of trees and other plants in soils which abound in vegetable remains — 
e.g.^ leaf-mould, moors, &c. — is very common. 
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In the humus of forests we find the roots of beeches and other Cupuliferca^ 
widows, pines, and so forth, clothed with a dense mantle of hyphm and swolh'n into 
coral-like masses of mjcorhiza ; in similar soils, and in moorlands which abound 
in the slowly decomposing root-fibres and other vegetable remains so characteristic 
of these soiis, the roots of orchids, heaths, gentians, 4S:c., are similarly provided 
with fnngi, the hyphse of which penetrate further into the tissues, and even send 
haustoria into the living cells, but without injuring tliera. 

As observations multiplied it became clear that the mycorhiza, or fungus-root, 
was not to bo dismissed as a mere case of roots afiected by parasites, but that a 
symbiotic union, comparable to that of the lichens, exists; and that we must 
assume that both the tree and the fungus derive some benefit from the connection. 

Pfefier, in 1877, suggested that the deficiency of root-hairs observed in orchids 
might be explained by the fungus-hyphae playing the part of these organs, and 
taking up materials 1‘rom the soil which they then handed on to the roots. He is 
quite clear on the subject, and recognises the symbiosis definitely, comparing it 
with other cases of symbiosis indicated by He Bary. 

Frank stated that, as the results of experiments, seedling forest-trees cannot be 
grown in sterilised soil, where their roots are prevented from forming mycorhiza, 
and concluded that the fungus conveys to the roots organic materials, which it 
obtains by breaking down the leaf-mould and decaying plant-remains, together 
with water and minerals from the soil, and plays especially the part of a nitrogen- 
catching apparatus. In return for this important service the root pays a tax to 
the fungus by sparing it certain of its tissue contents, and no doubt can well afibrd 
to do so. 

It appears that the mycorhiza is only formed where humus or vegetable-mould 
abounds. In sandy soils the roots hear root-hairs, as usual, and it is now clear 
that, while mycorhiza is a far more general phenomenon than was previously 
supposed, it is not essential for all the roots, nor even under all circumstances for 
any of them. 

Probably what really happens is this. Trees and other plants with normal 
roots and root-hairs, when growing in ordinary soil, can adapt their roots to life in 
a soil heavily charged with humus only by contracting tlie symbiotic association 
with the fmigus and paying the tax demanded by the latter in return for its 
supplies and services. If this adaptation is impossible, and no other suitable 
variation is evolved, such trees cannot grow in such soils. 

In certain cases- -c,y., ground orchids, Monoh'opa^ various Ericacoccy &c.~it 
would seem that the plant is unable to grow in other than humus soils, and alw ays 
forms mycorhiza. 

Much further wo cannot at present go, but it is evident that various difierent 
grades of symbiosis exist in these mycorhizas. In the first place, there are several 
difierent fungi concerned — those on cupuliferoe and pines, apparently mostly 
Tubermece and Gasteromycetes, and allied forms, being difierent from those in 
orchids, some at least of which appear to be Nectrias or related genera. 

The physiological relations of the root to the fungus must he difierent in details 
in the case of non-green, purely saprophytic plants, like Neottiay Motiotropa, &c., 
and in that of the green plants likt‘ Erica y FaguSy PinuSy Sco. 

It is well known that ordinary green plants cannot utilise vegetable cUbris 
directly, whereas trees in forests appear to do so ; this in appearance only, how- 
ever, for the fungi, yeasts, and bacteria there abounding are actively decomposing 
the leaves and other remains. 

Now it is possible that the mycorhiza theory is not applicable in all cases, and 
that, sometimes, what happens is this. The trees, once well established, make so 
good a fight that in spite of the leaf-decomposing fungi attacking their roots para- 
sitically, or merely ensconcing themselves in the dead primary cortex as it is 
sloughed, they manage to keep goiug and to obtain such shares of the nitrates and 
other products duo to the fungus-action as satisfy their needs. But although 
there may he something to he said for this view as regards a few forest^trees, it is 
not easy to see how it would apply to the non-assimilating humus-plants like 
Keottia, Mojiotropa, &c., and we may probably regard the two sets of cases as 
standing or falling together. 
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No treatment of this subject would be complete without reference to those 
obscure cases of symbiosis — as we must rej^ard them — between certain algm which 
occur in the cavities of the leaves of Azolla and in Gunnera^ and those found in 
the intercellular spaces of cycad-roots. When we know more of the physiology 
of these blue-green algae, it may be possible to explain these puzzles, but at present 
they are mysterious curiosities. 

A class of pseudo-symbiotic organisms is being more and more brought into the 
foreground where the combined action of two symbionts results in death or 
injury to a third plant, whereas each symbiont alone is harmless, or compara- 
tively so. 

Some time ago Vuillemin showed that a disease in olives results from the inva- 
sion of a bacillus (Z?. oleco), which, however, can only obtain its way in the tissues 
through the passages driven by the hyplise of a fungus ( ChcBtophoma). The result- 
ing injury is a sort of burr. Vuillemin has this year observed the same bacillus 
and fungus in the canker hurra of the ash, and so confirms Noack’s statement to 
the same effect. 

Among many similar cases, well worth further attention, the invasion of 
potato-tubers by bacteria, which make their way down the decaying hyph® of 
pioneer fungi, may be noted. I have also seen tomatoes infected by these means, 
and have facts showing that many bacteria which quicken the rotting of wood are 
thus led into the tissues by fungi. 

Probably no subject in the whole domain of cryptogamic botany has wider 
bearings on agricultural science than the study of the flora and changes on and in 
manure and soil. 

As vegetable physiology and agricultural science progressed, it became more 
and more of primary importance that we should learn what manure is composed 
of, what changes it undergoes in the soil, and what the roots of plants do with it. 
Chemistry did much to solve some of the earlier problems, but it soon became 
evident that it only raised new questions which it could not solve ; and it was not 
till the sequence of changes induced by the successive growths of Mucor^ IHlobolus, 
€oprinuSy AscoholuSf and other moulds and fungi of various sorts, followed by 
bacteria and yeasts, began to be understood, that anything approaching a coherent 
account of the complex phenomena going on in soil or in a manure-heap could be 
attempted. Not that all the difliculties have been solved even now, but we are at 
least able to trace some very important chains of occurrences which throw light 
on many hitherto obscure matters going on in the field. 

Since Pasteur in 1862, and Van Tieghem in 1804, showed that certain bac- 
teria are concerned in converting urea to ammonium carbonate, much has been 
learnt, and we now know from the investigations of Miquel, Jaksch, Leuhe, and 
•others that numerous urea-bacteria exist ; and Miquel, in 1890, isolated an ex- 
tremely unstable enzyme — iirase — which converts sterile urea to ammonium 
carbonate very rapidly, a discovery of considerable interest, as it was one of 
the first examples of this class of bodies to he examined ; and when we reflect 
on the enormous quantities of urea which have to be destroyed daily, and that 
fresh urine is in effect a poison to the roots of higher plants, some idea of the 
importance of these urea-bacteria is obtained. The necessity for preventing the 
losses of this volatile ammonia by fixing it in the soil and presenting it to the 
action of the nitrifying organisms is also obvious. 

Winogradsky’s classical isolation and cultivation of bacteria which take up 
these ammonia compounds and oxidise them to nitrous and to nitric acids in the 
eoll, may be quoted as further instances of the hearing of bacteriological work on 
this department of science, as explaining not only the origin of nitre- beds and 
deposits, but also the way the ammonia compounds fixed by the soil in the neigh- 
bourhood of the root-hairs are nitrified and so rendered directly available to 
plants. 

The theoretical explanation of many questions connected with the washing 
out of nitrates from fallows, the advantages of autumn and winter sowing, and 
processes occurring in the upper soil as contrasted with subsoil, has been rendered 
much easier by these researches ; moreover, as is now well known, they brought 
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to our knowledge a startling instance of tlie assimilation of carbon-dioxide by 
these non-green plants — bacteria — which not only take some of the purely in- 
organic ammonia, but by means of energy set free by its oxidation obtain their 
carbon also by breaking up the carbonate — a true case of the assimilation of 
carbon-dioxide by a plant devoid of chlorophyll and without the direct aid of 
light. Indirectly, it is true, the source of the energy is the light of the sun, 
because the oxygen employed by these aerobic forms has been liberated by green 
plants in the last instance ; but the case is none the less a startling and important 
contribution to physiology, and Winogradsky’s work, which had been preceded by 
investigations in England by Warington and others, affords one of the best illus- 
trations I know of the importance of this branch of botanical investigation. 

Stutzer and Hartleb^s recent publications go to show that the nitrifying' 
organism is a much more highly developed and complex form than Las hitherto 
been suspected ; that it can be grown on various media, and exhibits considerable 
polymoryihism — for instance, it can be made to branch, and show tlie characteristics 
of a true fungus, statements confirmed to a certain extent and independently by 
the even more recent work of Kullmann ; and it appears that we have much more 
to learn of the morphology of this widely spread and interesting plant. 

It is impossible to go into the controversy between the observers referred to 
and Winogradsky, the discoverer of the definite nitrifying organism ; but there is 
one point I must just mention : if Stutzer and Hartleb’s details are confirmed we 
liave here the most remarkable case of polymorphism 1 know of, for they claim 
characters for their fungus which prevent our putting it into any existing group. 

I have for some time insisted on the fact that river-water contains reduced forms 
of bacteria — f.c., forms so starved and so altered by exposure to light, changes of 
temperature, and the low nutritive value of the river-water, that it is only after 
prolonged culture in richer food-media under constant conditions that their true 
nature becomes apparent. Now, Stutzer and Hartleb show that the ^ morpho- 
logical form of this nitrifying organism can be profoundly altered by just such 
vaiiations in the conditions as the above, and occurs as a branched mycelial form,, 
as bacilli or bacteria, or as cocci of various dimensions according to conditions. 

These observations, and the researches of Zopf, Klebs, and otliers on variations 
in form (polymorphism) in other fungi and bacteria, open out a vast field for 
further work, and must lead to advancements in our knowledge of these puzzling 
organisms ; they also help us to explain many inconsistencies in the existing 
systems of classification of the so-called ‘ species ’ of bacteria as determined by 
test-tube cultures. 

But the urea bacteria and the nitrifying organisms are by no means the only 
forms found in manure and soils. 

In 1868 Reiset found evidence of a reduction of nitrates in fermenting beet- 
juices, and in 1873 Schloesing found that free nitrogen escaped in certain soil- 
fermentations. Further work by Mensel, Deherain, and others led to the suspicion 
that certain bacteria can undo the work of the nitrifying organisms, and in 1879 
Warington showed that both nitrites and nitrates occurred in his soil-fermentations. 

In 1886 Gayon and Dupetit put this almost beyond doubt, and in 1891 Giltay 
and Aberson isolated and cultivated a denitrifying bacterium, capable of com- 
pletely reducing nitrates with evolution of free nitrogen, provided it is cultivated 
anaerobically. Several such forms have now been obtained, the observations of 
Burri and Stutzer that; certain of the commonest bacteria of the alimentary canal 
— e.g., B. coli commune — abounding in fresh manure, are especially active, being 
particularly suggestive. You will thus notice that we have now a sketch of the 
whole of the down-grade part of the cycle of organic nitrogen in Nature : it only 
needs supplementing by the history of the fixation of free nitrogen from the 
atmosphere by leguminous plants and certain soil-organisms to complete the 
sketch. 

As is well known from investigations in which Eriksson, Woronin, Frank, 
Prazmowski, and others, including myself, have taken part, the nodules on the roots 
of leguminous plants contain a fungus — the morphological nature of which is in 
dispute — living in svmbiotic union with the protoplasm of the cells. Ilellriegel 
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and Wilfarth showed in 1888-90 that, provided the root-nodules are present, these 
leguminous plants fix the free nitrogen of the atmosphere ; and Laurent and 
Schloesing put this beyond all doubt in 1892 by demonstrating that a closed 
atmosphere in which Leguminosm grow loses nitrogen in proportion as the plants 
gain it. Meanwhile Schulz Lupitz had shown that agricultural land poor in nitrogen 
can be made to accumulate it in paying quantities by growing lupines on it, and 
quite recently pure cultures of the organism of the nodules have been placed on 
the market under the unfortunate name Nitragin. It is claimed that these organisms 
can be readily used in practice to inoculate the seeds or soil. 

Kossowitsch in 1894 showed that certain symbiotic unions of algse with bacteria 
are also capable of fixing nitrogen ; and Winogradsky declares that there exists in 
the soil a bacterium which, provided it is kept protected from oxygen by aerobic 
soil organisms, can itself do this. We are quite unaware of the mechanisms here 
concerned ; but in all cases it appears certain that active destruction of carbohy- 
drates is an essential condition, and we can only assume that the nitrogen is forced 
into synthetic union by means of energy derived from this destruction. Here, 
then, we have a glimpse of the up-grade part of the cycle of nitrogen in Nature, 
the importance of which to agriculture cannot be overrated. As to the theoretical 
bearings of the matter, we are still much in the dark, and can only anxiously await 
the results of further inv^estigations into the nature of the peculiar fermentations 
and their products going on in these nodules. 1 now want to draw your atten- 
tion to a bearing of the above discoveries concerning denitrifying bacteria on some 
agricultural and horticultural questions. 

It is well known that a gardener eschews the use of fresh manure. Why is 
this P The most obvious reply might seem to be, because the ammonia compounds 
and other nitrogenous constituents in such manure are not directly useful, or are 
even harmful to the roots of the plants. Some recent researches suggest that the 
matter is more complex than this. 

It has not unfrequently happened that a farmer, finding himself short of stable- 
manure, has made up the deficit by adding some such artificial manure as Oliili 
saltpetre, his argument running somewhat as follows: — Both are good nitro- 
genous manures, the one acting slowly, the other rapidly, so that a mixture of both 
should he better than either alone. The results have disappointed him, and 
numerous experiments in Norfolk, as I am informed by Mr. Wood, and in the 
North of England, as Dr. Somerville assures me, have shown that most disastrous 
results ensue if such mixtures are used, whereas if the farmyard manure is em- 
ployed at first — the * shorter ’ the better — and the nitrates applied later on as a 
* top-dressing,’ excellent crops follow. Tho explanation scorns to come from some 
recent experiments by Wagner, Maercker, Burri and Stutzer, and others. The 
farmyard manure, especially if fresli, so abounds in denitrifying bacteria that they 
destroy the nitrates rapidly and completely, free nitrogen escaping. Curiously 
enough, a very active denitrifying bacillus was found on straw, and we know 
that straw abounds in such manures. 

I did not intend to go so far into agricultural details as this, but it was impos- 
sible to resist these illustrations of the splendid field of mycological research which 
here lies before us. 

Nor can I avoid instancing at least one more example of the organisms at work 
in manure. We all know what enormous quantities of cellulose are manufactured 
daily, and even hourly, by the activity of green leaves ; and when we reflect on 
the millions of tons of dead-wood, straw, fallen leaves, roots, ifcc., which would 
accumulate every year if not destroyed, we sec at once how important is the 
scavenging action of the moulds and bacteria which gradually reduce these to 
carbon-dioxide and water, setting these gases free to enter once more into the 
cycle of carbon, oxygen, and hydrogen in Nature. 

In 1890 Van Senus obtained two bacteria, one an aerobic and the other an 
anaerobic form, which in symbiotic union were found to excrete an enzyme which 
dissolved cellulose. Such a cellulose-dissolving enzyme I had myself isolated from 
the Botrytis of the lily-disease in 1888. In 1805 Omeliansky, working with 
river mud, found an anaerobic bacillus which dissolves paper with remarkable 
rapidity. I can only hint at the importance of these forms in connection with the 
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E reduction of marsh gas in swamps, the question of the digestion of cellulose in 
erbivorous animals, the manufacture of ensilage, and the processes of ‘ shorten- 
ing ’ of manure ; and it is clear they have much to do with the destruction of 
paper, &c., in sewers and refuse-pits. Moreover, their further investigation pro- 
mises a rich harvest of results in explanation of the rotting of stored tubers, certain 
diseases of plants, and several theoretical questions concerning anaerobism, butyric 
fermentation, and, possibly, that extremely difficult question on which Mr. Gardiner 
has done such excellent work, the nature of the various celluloses and constituents 
of the cell-wall. 

I now turn to the subject of fungus epidemics, of world- wide interest, if only 
because the annual losses to agriculture due to epidemic diseases of plants amount 
to millions of pounds sterling. 

Tlie histiuy of wheat-rust can bo traced to Genesis, and at least five references 
to it exist in the Old Testament. The Greeks were familiar with it, and the 
Romans had a special deity and ceremonies devoted to it. References can he 
given to it in old Norman times, and Sliakespeare can he quoted as acquainted 
with it. 

According to Loverdo, a law existed in Rouen in 1G60, authorising the pulling 
up of barberry bushes as in some mysterious way connected with rust, and in 
1755 the celebrated Massachusetts law was promulgated. Eriksson refers to au 
English farmer destroying his neighbour’s barberry in 1720. 

The words Robigo, Itiihign^ Roinllej Ruggine, Ritfm, and Rust comprise a his- 
tory in themselves, into which, however, we have not time to go, and there are 
many fascinating points in the history of wheat-rust which must be passed over. 

Felice Fontana in 1707 probably made the first scientific investigation of rust; 
he distinguished the uredo- and puccinia-stagos under other names, and even 
thought of them as rootless plants exhausting the wheat ; in this, and his convic- 
tion that no remedy was possible until a careful study of all phases of the disease 
had been made, he was far ahead of his times. 

Jethro Tull, Marshall, and Withering are the most conspicuous English names 
in connection with this question and period, and Alarshall in 1781-84 experimented 
intelligently with barberry and wheat inter-xhanted. 

Persoon in 1797 gave the name Puccinia graminis to the fungus. In 1805 Sir 
Joseph Banks deacribi^d it, and suggested that the germs entered the stomata: be 
also wai’ned farmers against the use of rusted litter, and made important experi- 
ments on the sowing of rusted wheat-grains. 

A groat discussion on the barberry question followed, in which Banks, D(‘ 
Candolle, Windt, Fries, and others took part, Fries particularly insisting on the 
difference between yRcidium herhe7'idis — a name conferred by Gmelin in 1791 — 
and Puccinia graminis. 

Do Candolle had also distinguished Uredo rnhigo-vera in 1815, and Schmidt 
soon after described a third wheat-rust — Uredo glumanan. 

Matters were at about this stage when I’ulasne confirmed the statement of 
Ilenslow — one of my predecessors in Cambridge — that the uredo- and x^uccinia- 
stages really belong to the same fungus, and are not, as Unger asserted, mixed 
8X)ecies. 

Then came De Bary and his classical investigation of the whole question in 
1860-64. He xii*oved that the si^oridia of some Uredinene (e.g., Colcosporinm) will 
not infect the plant which bears the spores, and that the moidia of certain other 
forms are only stages in the life-history of species of Uromyccs and P(cci/iia. 

In 1864 De Bary attacked the question of wheat rust, and by means of 
numerous sowings of the teleutospores on barberry proved beyond doubt that they 
bring about its infection. 

But Do Bary did more. For the first time in history he saw the entrance of 
the infecting tube and the beginning of its growth in the tissues. In 1865 he 
demonstrated in the same faultless way the infection of the cereal by means of the 
ODcidio-spores, and showed that P. ruhigo-vera alternates on Boraginem as yEc, 
mperifolii, while P. coronata, separated by Corda in 1867, does the same as AEc, 
Rhamni on Rkamnus, 
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Thus was discovered the astounding phenomenon of Hetercecism^ introducing a 
new idea into science and clearing up mysteries right and left. 

During the next twenty-five years tho number of lieteroecious forms has risen to 
about seventy, including Woronin’s recent discovery of this phenomenon in an 
ascomycete — Sclerotinia hetermcia. 

About 1890 the rust question entered on a new phase. In Australia, India, 
Sweden, Germany, and America especially, active commissions, inquiries, and 
experiments were sot on foot, and amid some confusion of meaning among some of 
those concerned much knowledge has resulted from the investigations of Plowright 
and Soppitt in England ; Barclay in India ; Cobb, Anderson, and McAlpine in 
Australia ; Arthur, Bolley, Smith Ellis, Galloway, Farlow, Harper, and others in 
the United States ; Dietel, Klebahn, Sorauer, and others in Germany ; Kostrup in 
Denmark ; and especially from the continued and indefatigable researches of Eriksson 
and Henning in Sweden. This renewed work has resulted in the complete con- 
firmation of De Bary’s results, but with the further discovery that our four common 
cereals are attacked by no less than ten difterent forms of rust belonging to five 
separate species or * form-species,’ and with several physiological varieties, and 
capable of infecting the baroerry. Some of these are strictly confined to one or 
otlier of the four common cereals, others can infect two or more of them, and yet 
others can infect various of our common wild grasses as well. 

The fact that what has usually gone by the name of Piiccinia graminis is an 
aggregate of several species is in itself startling enough, but this was not un- 
expected ; the demonstration that varietal forms exist so specially adapted to their 
host that, although no morphological differences can be detected between them, 
they cannot be transferred from one cereal to another, points, however, to physio- 
logical variation of a kind met with among bacteria and yeasts, but hitherto un- 
suspected in these higher parasitic fungi. It now appears that we must be pre- 
pared for similar specialisation of varietal forms among Ustilaginece as well as 
jiraong other UredirKp, as follows from the results obtained by Kellermann and 
Swingle in America, by Klebahn, Tubeuf, and others in Germany, and by Plowright 
and Soppitt in England. 

Not less remarkable is tho conviction that among the many different pedigreo 
varieties of wheat, some are more susceptible to attacks of rust than others. This 
had often been asserted in general terms, but tho extensive observations of Cobb in 
Australia, and the even more extensive and exact experiments of Eriksson in 
Sweden, seem to put the matter beyond doubt. 

Of course attempts have been made to account for these differences in predis- 
position to the attacks of wheat-rust. 

N. A. Cobb, who has done much for the investigation of Australian wheat- 
rusts, regards the different susceptibility to rust as due to mechanical causes, and 
seeks to explain it by the difference in thickness of the cell-walls on the upper and 
lower leaf-surfaces offering different resistance to the outbreak of the spore-clusters 
the average number of stomata per square millimetre differing in the difi'erent sorts 
of grain, influencing the predisposition to infection ; the presence of waxy bloom 
affording a protection, and so on. 

Eriksson and Henning have made a critical examination of Cobb’s mechanical 
theory, and show that, for Sweden at any rate, the conclusions of the Australian, 
investigator cannot be confirmed. 

Nevertheless, the problem remains. As matter of fact, different sorts of wheat,, 
of oats, of barley, and of rye are susceptible to their particular rusts in different 
degrees, and the question is. Why ? Some complex physiological causes must be 
at the bottom of it. 

Sorauer pointed out in 1880 that every change of vegetative factors induces- 
differences In composition and form of a plant, and therefore alters the predispo- 
sition of each individual and variety ; and this applies to the fungus as well as to 
the host. 

De Bary’s proof, in 1886, that a Peziza succeeds in being a parasite only after 
i^aprophytic culture to a strong mycelium, that its form is altered thereby, and that 
probably a poison is excreted, throws side-lights on the same question ; while i 
myseltshowed that similar events occur in the case of the lily disease. 
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Reinhardt, in 1892, showed that the apical growth of a Peziza is disturbed and 
interrupted if the culture solution is concentrated by evaporation or diluted ; and 
Biisgen, in 1893, showed that Botrytis cinerea excretes poison at the tips of the 
hyphfo, confirming my results with the lily-disease in 1888, and that a similar 
excretion occurs in rust-fungi. 

l)e Bary had also shown, in 1886, that the water-contents of the infected 
plant influence the matter ; and 1 may remark that we have here also to consider the 
case of Botrytis attacking chrysanthemums, &c., in autumn, with respect to the 
chilling of the plant, which lowers the vitality of the cells and causes plasmolysis, 
as well as the fact, that cold increases the germinating capacity of spores, as 
Eriksson showed. 

I discussed these points at some length a few years ago in the Croon ian Lecture 
to the Royal Society, and it now remains to see if any further gleams of light can 
be found in the progress of discoveries during recent years. 

You are all no doubt familiar with ITeflers beautiful work on chemotaxis, and 
with the even more fascinating experiments of Engelmann, which prove that 
bacteria will congregate in the neighbourhood of an algal cell evolving oxygen. 

When Pfeifer took the matter up in 1888, he was interested in the question as 
to the stimulating action of various bodies on mobile organisms, for he found that 
many motile antherozoids, zoospores, bacteria, cScc., when free to move in a liquid, 
are vigorously attracted towards a point whence a given chemical substance is 
diffusing. 

Pfeifer’s problems had nothing to do with those of Engelmann ; he was 
concerned, not with the proof of oxygen evolution or the movements of bacteria as 
evidence of the presence of that element, but with a fundamental question of 
stimulation to movement in general. 

Pfefler found that the attractive power of different chemical substances varies 
according to the organism, and according to the substance and its concentration, 
lie also showed that various other bodies besides oxygen thus attract bacteria — 
e.g.^ peptone, dextrose, potassium salts, &c. These experiments are by no means 
difficult to repeat, and are now employed in our laboratories. 

During the course of several years not only were these facts confirmed, but it 
was also shown that this remarkable attraction — chemical attraction, or Schemata vis ’ 
— is a very general phenomenon. 

Pfeffer had already shown that swarmspores of the fungus Saprolegnia are 
powerfully attracted towards the muscles of a fly’s leg placed in the water in 
which they are swimming about, and pointed out that in many cases where the 
liyphffi of fungi suddenly and sharply bend out of their original course to enter the 
body of a plant or animal, the cause of the bending lies in a powerful ‘ cJunnotropic ’ 
action due to the attraction of some substance escaping from the body. 

This idea of an attractive action betwt‘en the living substance of two organisms 
growing in close proximity was not entirely new — it was, so to speak, in the air — 
v.g., the fusions of mycelial cross-connections and clamp-organs, and of the spores 
of Tillrtia, Entyloma^ &c. One of the most striking examples is afforded by 
Kihlmann’s demonstration of the parasitism of Melnnospora on Isaria, where he 
(dates that some attractive action exists. In 1882 1 had myself seen zoospores of 
Bythivm suddenly dart on to the cut surface of a bean-stem, and there fix them- 
oelves. But it is due to Pfeffer and his pupil Miyoslu to state that they were 
the first to demonstrate these matters clearly. 

To understand the important consequences w’hich followed, I must now refer 
to another series of discoveries. 

When a spore of a parasitic fungus settles on a plant, it frequently behaves as 
follows. The spore germinates and forms a slender tube of delicate consistence, 
blunt at the end and containing colourless protoplasm. De Bary long ago showed 
that such a tube — the germinal hypha — only grows for a short time along the 
surface of the organ, and its tip soon bends down and enters the plant, either 
through one of the stomata or by boring its way directly through the cell-wmlls. 
Several observers, and among others myself, remarked how the phenomena sug- 
gested that the end of the tube is attracted in some way and by some force which 



854 


KEPORT 1897 . 


brings its tip out of the previous direction, and De Bary even threw out the hint 
that this attraction might be due to some chemical substance excreted by the host- 
plant. I myself showed that the condition of the attacked plant affected the ease 
with which the tube penetrates the cell-walls, and that the actual boring of the 
cell-walls is due to a solvent enzyme secreted by the tip of the fungus, and in 
clearly demonstrating this excretion of an enzyme capable of dissolving cellulose 
carried a step further what was so far known, principally from De Bary’s 
researches, as to this process. In 1802, Beinhardt showed that the tips of hyphoe 
curve over towards sj)ores they are about to attack, and found that sugar-gelatine 
of greater strength attracts them from the same medium with a smaller proportion 
of sugar. 

Miyoshi then showed, in 1894, that if a leaf is injected with a substance such 
as ammonium-chloride, dextrine, or cane-sugar, all substances capable of exerting 
chemotropic attraction on fungus-hyphje, and spores of a fungus then sown on it 
which is not parasitic, the hypba) of the fungus penetrate the stomata and behave 
exactly as if the fungus were a true parasite. 

This astounding result throws a clear light on many known cases of fungi 
which are, as a rule, not parasitic, becoming so when the host-plant is in an 
abnormal condition — e.g., the entry of species of Botrytis into living tissues when 
the weather is cold and damp and the light dull ; the entry of Mucor into various 
fruits, such as tomatoes, apples, pears, &c., when the hyphee meet with a slight 
crack or wound, through which the juices are exposed. Nay, I venture to suggest 
that it is even exceedingly probable that the rapid infection of potato-leaves in 
damp weather in July is not merely traceable to the favouring effect of the 
moisture on the fungus, but that the state of super-.saturation of the cell-walls of 
the potato leaf, the tissues of which are now unduly filled with water and dis- 
solved sugars, &c., owing to the dull light and diminished transpiration, is the 
primary factor which determines the easy victory of the parasite, and I suggested 
some time ago that the suppressed life of JJstihiginecc, in tlui stems of grasses, is 
due to the want of particular carhoh} drat es in the vegetative tissues there, but 
which are present in the grain. 

Miyoshi, in 1895, carried to proof the demonstration that a fungus-hypha is 
really so attracted by substances on the other side of a meinhraiie, and that its 
tip pierces the latter ; for the hyphm were made to grow through films of artificial 
cellulose, of collodion, of cellulose impregnated with parailin, of parchment-paper, 
cork, wood, and even the chitinous coat of an insect, simply by placing the intact 
films on gelatine impregnated with the attracting substance, and laying the spores 
on the opposite side of the membrane. 

llypbas so separated by similar membranes from gelatine to which tho 
attracting substance was not added, did not pierce the membranes, wlience we may 
conclude that it is really the substance leferred to which incites the hyphee to 
penetration. 

Now, obviously, this is a point of the highest importance in the theory of 
parasitism and parasitic diseases, because it suggests at once that in the varying 
conditions of the cells, the contents of which are separated only by membranous 
walls from the fungus-hyphse, whose entrance means ruin and destruction, there 
may be found circumstances which sometimes favour and sometimes disfavour the 
entrance of the hyphm ; and it is at least a remarkable fact that some of the 
substances which experiments prove to be highly attractive to such hyphse — e.g., 
sugars, the sap of plums, phosphates, nitrates, tKrc. — are just the substances 
found in plants, and the discovery that the action depends on the nature of the 
substance as well as on the kind of fungus, and is ahected by its concentration, 
the temperature, and other circumstances, only confirms us in this idea. 

Moreover, there are substances which repel instead of attracting the hyplim. 

Is it not, then, natural to conclude that the differences in behaviour of different 
parasites towards different host-plants, and towards the same host-plant under 
different conditions, probably depend on the chemotropic irritability of the hyphm 
towards the substances formed in the cells on the other side of the membranous 
cell-walls ? And when, as often happens, the effusion of substances such as the 
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cells contain to the exterior is facilitated hy over-distension and super-saturation, 
or by actual wounds, we cannot be surprised at the consequences when a fungus, 
hitherto unable to enter the plant, suddenly does so. 

In spite of all the progress made towards an explanation of the origin and 
course of an epidemic of rust, however, one serious inconsistency has always 
puzzled men who have worked with it in the open and on a largo scale. This 
inconsistency concerns the outbreaks of epidemics over large areas, at periods, and 
within intervals, which do not agree with the weather records and the described 
biological facts. We know, speaking generally, the conditions of germination of 
the spores, we know how long infection requires, and the latent period is known : 
we know much as to the conditions which favour or disfavour the fungus 
mycelium in the tissues, and, nevertheless, an outbreak of disease over large 
areas sometimes occurs under conditions which appear quite inconsistent with 
this knowledge. 

During his six years’ study of the wheat rusts Eriksson was so impressed with 
these difficulties that he has lately committed himself to an hypothesis which may 
perhaps crystallise the ideas which have floated in the minds of several who have 
been puzzled by these matters. 

The facts which seem to have finally impelled Eriksson to his hypothesis were 
those of the distribution of the wild rusts and grasses. Having learnt which 
grasses could infect the wheat, oat, barley, and rye respectively, he found cases of 
epidemics occurring where it was impossible to fit in the facts with the view that 
spores had been transferred from these grasses within the period re(iuired for 
infection and development of the disease spots. Again, seasons occurred when all 
the conditions pointed to the probability of a serious outbreak of rust, and no such 
epidemic occurred. Further, experiments were made in which cereals of varieties 
known to be susceptible to given rusts were planted in close vicinity to gi’asses 
infected with such rusts, and, nevertheless, in seasons eminently suitable for the 
outbreak of this particular rust on these particular cereals none appeared, or so 
little that it was impossible to explain the outbreaks of this same rust on this 
cereal elsewhere, during that season, as due to direct infection from the surrounding 
grasses. 

More and more it became evident that the infective capacity of the rusted 
grasses is small, and confined to restricted areas, and that the outbreaks in certain 
seasons — rust-years — must be due to sometbing other than wind-borne spores dis- 
tributed by gales over the district. 

Three hypotheses can be suggested to account for the non-spreading of the 
disease on to susceptible cereals— (1) Indispo.rition to germinate on the part of the 
spores; (2) unfavourable weather for germination; (8) some structural peculi- 
arities of the leaves on which the spores fell, of such a nature that infection was 
prevented. 

The results of many experiments showed that, as matter of fact, the spores 
are often very ohstinate, and refuse to germinate evtui when the weather is 
apparimtly favourable, and Eriksson discovered during these experiments that 
cooling the ripe s])ores on ice increased their germinating power. Nt'ither of the 
other two hypotheses mentioned could be brought into agreement with the rssults, 
however. 

The conclusion was thus arrived at that an outbreak of rust cannot always he 
referred directly to the normal germination and iiifeotioii of wind-borne spores 
from neighbouring centres of infection. 

In some patches of extremely susceptible cereals, the disease appeared simul- 
taneously on plants isolated from all perceptible sources of infection, and on plants 
not thus protected ; the date of outbreak in these cases— reckoned from the sowing of 
the grain — was far too late to be explained by direct infection from spores on the 
soil, or on the grain sown. Experiments demonstrated that if such spores had been 
there, and germinal tubes formed as usual, the disease would have shown Itself 
much earlier. 

These and numerous other inconsistencies drove Eriksson to look for an 
* internal source of infection,’ in spite of the improbability of any such existing, 
and of its apparent incompatibility with scientific theory since De Bary’s time. 
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Two methods were pursued. In one each plant of the cereal was enclosed 
from the beginning in a long glass tube, stuffed with cotton-wool above and below, 
and so carefully protected against infection from wind-blown spores that we may 
accept forthwith the improbability of such infection. 

Notwithstanding these precautions, the cereal was rusted at the same time as 
its unprotected neighbours, and equally badly. 

Granting the accuracy of the experiments, only two explanations seem to 
suggest themselves. Either (1) winter-spores attached to the grain had germinated 
and infected tlie young seedling — a not impossible event, since several observers 
have found spore-bearing mycelia in the pericarp of the ripe grains, and we know 
these spores can conserve their germinating power for months ; or (2) the infective 
material had been handed down to the embryo from the parent plant — an almost 
inconceivable hypothesis. 

To answer this question Eriksson protected his seed-plants from external 
infection, and sowed the grains in sterilised soil in specially constructed green- 
houses, through which the air can only pass via cotton-wool lilters. Between the 
double-glass windows water was allowed to stream, and the plants thus kept cool. 
Some of these protected plants became rusted. 

Before we draw any conclusions from such difficult experiments as the above, 
let us see the results of microscopic examination. 

Reference has already been made to the mycelium and spores in the tissues of 
the pericarp of the grain ; no trace could be, or ever has been, detected in the 
endosperm or embryo. In some cases the seedlings, four to eight weeks old, 
showed the first uredo-pustiiles on their leaves, and the mycelium but no spores 
could be detected in the seed-coats. 

The tissues of the leaf, in the neighbourhood of young uredo-piistiiles, 
frequently showed curious clumps of protoplasm in the cells, either free in the 
cell-cavity, or attached to the primordial utricle, and looking like haustoria. 
Eriksson assumes that we have here the key to the puzzle ; he regards these 
* plasmatic corpuscles ’ as the protoplasm of the fungus which, after lending a 
dormant life commingled symhioticolly with the living protoplasm of the cell, is 
now gaining the upper hand and beginning to form a dominant mycelium. 

We are therefore to suppose that when the spores of rust, even if of the right 
variety, alight on the tissues of a wheat-plaut, it is a matter decided by external 
and internal conditions whether the germ-tubes forthwith infect the plant and 
grow out into a dominant, parasitic, sporiferous mycelium, as we know they 
usually do, or simply manage to infect the cells with enough protoplasm to live 
a latent symbiotic life for weeks — or even months — as a Myciypla&ma^ wliich may, 
under favourable circumstances, gain the upper hand, and grow out in the form 
of a mycelium. 

This is a startling hypothesis, and brings us to the most advanced point along 
this line of biological speculation. AVe must distinguish sharply and clearly 
between such a view, which is by no means inconsistent with all we know of 
parasites, so far as the dormant mycelium goes, and all the hazy, mystical sugges- 
tions as to ‘infective suhstaiice’ and so ffirth, which were so freely flung about 
at the beginning of this epoch, and which Be Bary’s strictly scientific methods put 
down so firmly. 

The idea of symbiosis is now comparatively old, and there are many cases of 
dormant life now well established. Even the astounding notion of blended proto- 
plasms can no longer he regarded as new. I need only remind you of Gornu’s 
Jlozella, which invades tlie thallus of Baprolegnia^ and Wormina in Vmirheria, 
the protoplasm of the two organisms apparently blending and living a common life 
for some time before the true nature of the parasite manifests itself. Eriksson has 
avowedly been influenced by these and other eases among the Chryfridiacecp. 
That the remarkable intra-cell ular fusions of Plas 7 nodio])hora and the now well- 
ostablished symbiosis of the organism of the leguminous root-nodules ha\e also 
bad their influence on bis work may well be assumed, and I think we may trace 
also the efiects of our knowledge of the latent life of Ustilago during the vegetative 
period of the attacked cereal. 
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But there are other cases which prevent our casting aside as impossible the 
view that Eriksson has put forward. 

I showed some years ago that the mycelium of the Botrytis of the lily disease 
can lie dormant for some time in the cell-walls, and I have observations showing 
that other forms of Botrytis which attack roses and chrysanthemums only gain 
the upper hand when the cold autumn nights so chill the attacked cells that they 
succumb ; the mycelium was there long before, but so long as the cells were active 
no progress could be made, and only when the plasmolysed chilled cells exude their 
sap can the mycelium advance. 

Many cases of similarly dormant mycelia appear to exist in those cortex and 
cambium diseases which result in the production of cankers — e.g., Nec&ia ditissima 
and Pezizn Wtllkoinmii, and Tubeuf’s experiments with Gymnosyorangium are even 
more suggestive. Tubeuf found that if G. clamnceforme is sown on hawthorn 
seedlings the fungus forms yellow spots and induces marked hypertrophy, and normal 
spermogonia and lecidia — Roestelia lacerata — are developed ; but if Pyrus Aucuyaria 
is used as the host, no yellow spots or hypertrophy result, though a mycelium is 
formed and will even produce a few starved spermogonia. On allied species of Pyrus 
the fungus may even succeed in forming a few poorly developed aecidia. But on the 
quince the fungus only just succeeds in establishing an infecting mycelium, and 
soon dies ; and Wagner describes similar events with fungi on Stellaria. 

These cases point to a struggle between the protoplasm of the cells of the 
diflerent hosts, and of the fungus respectively: sometimes one wins, sometimes 
the other. The following cases are also suggestive. l)e Bary found that the 
germinal hypha^ of Poronosyora yygmceay which is parasitic on Ayiemone, will 
penetrate the tissues of Rmiimcvlits Ficaria, but cannot maintain its hold, and the 
mycelium soon succumbs and dies. 

Still more remarkable and to the point is the following case. Soppitt and 
Plowright in England, and Klebahn and others on the Continent, have gradually 
unravelled a curious case of heteroecism and specialised parasitism among certain 
Puccmias found on SmilaXf Convallaria^ PciriSy and Digfaphis, The story is too 
long to recount in detail, but the Puccinia-syores from Phalaris were found by 
Klebahn to refuse to infect Folygonatum leaves successfully, though they readily 
infect the allied Co?iv(dlaria. Close investigation showed, however, that although 
the sporidia failed to develop a mycelium in the Folygonatum leaves, they really 
penetrate the cells, and tlie delicate germ-tube is killed olf by the protoplasm, a 
red spot marking the place of entrance. 

The perennial mycelia of Witches’ Brooms, mcidia in Euphorbia, Tayhrinay 
and many other perennial mycelia are also cases in point. 

It is not my purpose to hold a brief for Eriksson’s hypothesis, but 1 may point 
out that it is in no way contradictory to the facts already known since De Bary's 
time. Its most serious aspect is with regard to possible treatment, and it is obvi- 
ously essential that we should have it tested to the utmost, for it must be remem- 
bered that no method of spraying or dusting has been, or apparently can be, devised 
for cereals ; hence the questions as to the existence of regally resistent forms, and 
whether dormant mycelia lurking in their tissues have deceived us in these cases 
also, require sifting to the bottom. Experience, so far, points to the selection of 
pedigree wheats and careful cultivation as the first necessities; how far the ques- 
tion of spring versus winter wheat aids us is still matter for further experiment ; 
early and late ripening are also concerned. Climate we cannot hope to control, 
but it remains to be seen — when the facts are known — how far it can be ‘ dodged.’ 

Clearly what is needed, then, is experiments with varieties of wheat under all 
conditions, and we may congratulate the Australian, Swedish, and United States 
experimental stations on their preliminary efforts in this direction. 

I have only been able to give a mere sketch of this rapidly growing subject, 
but I think you will agree that we are justified in saying that an epidemic of para- 
sitic fungi depends on the interaction of many factors, congenital variations of 
the host-plant and topical variations of its cell-contents being probably among the 
most important ; and since we cannot hope to control the variations of the parasite, 
or the meteorological conditions, it behoves agriculturists to pay more systematic 
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attention to the selection of those varieties of the cereal which are least predisposed 
to rust. 

When we find the annual losses from wheat- rust alone put down at sums vary- 
ing from 1,000,000/. to 20,000,000/, in each of the great wheat-growing countries 
of Europe, India, Australia, the United States, and elsewhere, it strihes one as very 
remarkable that so little should he done to encourage the scientific investigation 
of these practical questions. I need hardly say that the establishment and main- 
tenance of a fully equipped laboratory and experimental station does not cost the 
interest on the smallest of these sums. 

It should be also clear that in the further development of our knowledge of the 
treatment of parasitic diseases of plants the farmer, gardener, and forester can 
alone supply the experimental evidence which will enable us to put theory to the 
test in the field, garden, and forest. The botanist, by means of his pure cultures 
of the fungus, can now show clearly what stage in tlie life-history of a parasite is 
vulnerable. In his * microscopic gardens ’ he can show what antiseptics may be 
employed, how strong they should be, and when and how they should be em- 
ployed. 

But we must not forget that it is one thing to kill a fungus when grown pure, 
and another to kill it when growing on or in, or even associated with, otlier plants, 
without harming the latter. We may compare the first case to the destruction of 
weeds on a gravel path, where the antiseptic dressing may be employed lavishly 
and at any time, because there are no other plants to injure ; hut it is another 
matter to kill the same weeds growing in a lawn or a flower-hed, where we have 
to pay attention to the neighbouring plants. 

Experiments in the open, simple in themselves, hut conducted intelligently 
and with due regard to the rigorous demands of science, can alone determine 
these questions. 

Brewers have long known that burning sulphur in the barrels will rid these 
barrels of the moulds and yeasts growing on their damp beer-soaked sides ; and 
Berkeley saw clearly that sulphur could be applied to the outside of plants on 
which such fungi as the hop- or grape-mildew, &c., are growing, the critical period 
being when the spores are germinating, so that the slowdy oxidising sul])hur should 
evolve sulphurous acid in just sufiicieiit quantities to destroy the delicate germs 
without injuring the leaves. And even better results have been attained with 
Bordeaux mixture. 

But it is clear that this can only he done with an intelligent appreciation of 
the life-history of the fungus, and a knowledge of when the germinating stage is 
at hand. Tlie successes obtained in France and America with Bordeaux mixture 
attest this. 

It would obviously he absurd to powder sulphur or spray liquids over 
plants attacked by bunt- or smut-fungi, for we know that the germ-tubes only 
infect the germinating grain as its first root emerges. Here, as was shown long 
ago, and especially by the experiments of llofimann, Kuhn, and I)e Jhiry, the 
practice known as ‘ dressing the grain ’ must be followed. Knowing that the 
spores of the fungus are attached to the grain, or to particles of soil around, the 
efforts must he directed to covering the outside of the grain with an antiseptic 
which is strong enough to kill the germs hut not the grain. If the land is known 
to be clean, the grain may he immersed in hot water, the temperature being 
experimentally determined, and high enough to kill the spores but not the wheat, 
and so on. In these matters also the American stations have done good work. 

Neither of these classes of treatment can he adopted, on the other hand, for 
diseases such as * Finger and Toes,’ where we have a delicate slime-fungus making 
its way into the roots already in the soil ; hut, here again, intelligently devised 
experiments, such as those of Somerville and Massee, have shown that liming 
the soil renders it so unfavourable to this disease that it can be coped with. 

And similarly with other di8ease.s ; the particular methods of dealing with the 
Maraping-ofi‘ ’ of seedlings, ‘ dry-rot’ in timber, the various diseases of trees, and 
so on, do and must differ in each case, and the guiding principle must he always 
the same — having learnt all that can be learnt of the habits of the fungus and of 
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the host, and of the relationships of each to the other and the environment, to see 
how it is possible to step in at the critical moment and interfere with these rela- 
tionships in the direction desired by human interests. , ■ ^ ‘ 

The whole matter thus resolves itself into a study of variation — a purely 
experimental inquiry into complex biological relationships, and it is encouraging 
to see that this is being understood in the large American and other stations, 
which are distinguishing themselves by their eilbrts. 


TlIUllSDAY, AUGUST ]0. 

The following Reports and Papers were* read : — 

1. Report on the Preservation of Plants for Exhibition, 
See Reports, p._537. 


2. Rep)ort on the Fertilisation of the Phaiophycra.^,. 
See Reports, p. 537. 


$. The Growth of the Mycelinm o/’ Aecidium graveolens (Shuttlew.) on the 
Branches of the Witches^ Broom ovt^Berberis vulgaris. By P. Magnus> 
Berlin, 

Eriksson has stated in the ^Beitrage zur Biologic der Pflanzen (Bd. VIII., 
Heft I.) that the myceiium of the Aecidium producing the witches’ broom of the 
barbery grew within tlie cells of the cambium. In the ‘ Berichte der deutsch. 
hot. Gesellscbaft,’ Bd. XV., I asserted that the mycelium was intercellular with 
haustoria in the pith, cortex, and in the phloem. In the same volume of the 
^Berichte,’ Eriksson states (pp. 228-231) that he had only examined the cambium, 
and I only the pith and the cortex, and the latter statement was correct. lie also 
pointed out that he had examined fresh material, whereas mine bad been preserved 
in alcohol, which objection I did not consider of any value. I have examined, 
therefore, this summer some fresh material which was kindly sent me by Messrs. 
Baumler and Reuter, and have renewed my investigations on the growth of the 
mycelium in the new shoots of the witches’ broom. I find my former statements 
confirmed. The mycelium grows in the intercellular spaces of the pith, cortex, soft 
bast, and of the medullary rays, and as I have mentioned {loc. cit.) it often causes 
the walls of the cells between which it grows to swell up. It sends numerous 
generally knot-like haustoria into the cells. At the end of April or at the begin- 
ning of May many of the short roset te-like shoots of the barbery, the leaves of which 
wore covered in spring with aecidia and spermogonia, grow out into long shoots. 
Into the i)ith of these shoots the mycelium enters, and it keeps pace with the growth 
of the medullary cells, so that its ends reach into the meristem of the terminal 
bud. From the pith the hyplne pass through the medullary rays into the primary 
cortex, and especially through the original tissue rays opposite the insertion of the 
leaves. Hence it readies the axillary buds, and makes its way into their first 
leaves, which will expand in the next spring. The hyphse which are figured by 
Eriksson within the cambium cells, I consider to be the cell contents contracted 
by plasmolysis ; the yellow granules which Eriksson observed in them might, 
in my opinion, be the first appearance of the yellow colouring matter which fills 
the young wood-cells of Berberis. 

Lastly, I have to point out that I had identified this aecidium of the barbery 
in 1875 with Aecidium mayellanimm^ Berk., and all other observers have followed 
me in this respect. Since then I have shewn that another aecidium is found in 
Patagonia and Chili, producing witches’ brooms on Berberis buxifoliaf and this I 
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have named Aecidium Jacohsthaliiy Ilenrici, and I consider that the Aecidium 
magellanicum observed by Berkeley un Berberis ilicifolia should be distinguished 
from the two above-mentioned aecidia. 

The fungus causing the witches’ broom on the barbery in Europe should there- 
fore no longer be called Aecidium magellanicum^ Berk., but must Tbe called either 
Aecidium graveoleus, Shuttlew., or aecidium form of Tuccinia Arrhenatheri (Kleb.), 
Erikss. 


4. Stereum hirsutum, a Wood-destroying Fungus. By H. Marshall Ward, 
F.Sc.y F.E.S.j Professor of Botany in the University of Cambridge. 

The author has cultivated this fungus from the spores, on sterilised wood 
blocks, and has not only obtained very vigorous pure cultures, and traced the action 
•of the mycelium vs’^eek by week on the elements of the wood, but has obtained 
spore-bearing hymenia, and worked out the life-history very completely, llartig, 
in his ^Zersetzungserscheinungen des I lolzes,’ examined the wood-destroying action 
of this fungus, but used material growing in the open, and therefore not pure. 
Brefeld attempted its culture, but failed to make it develop any fructification or 
spores ; since Brefeld does not allow us to know the composition of his media, it 
is not possible to suggest why he failed. 

The fertile hymemum arises in about thtee to four months, and the author has 
examined the development very thoroughly, and refers to discrepancies in the 
existing descriptions. The details of its destruction of the wood are also gone into 
fully ; the fungus delignifies the inner layers of the walls of the wood-elements, 
and in three months’ cultures and upwards these turn blue in chlor-ziiic-iodine, 
and are shown by other reagents to undergo alteration to cellulose-like bodies 
before their final consumption by the fungus. 

Drawings and lantern slides made by Mr. Ellis from the author’s preparations 
were shown. 


5. The Nucleus of the Yeast Plant. By Harold Wager. 

Of the numerous observers, some twenty in number, who have made observa- 
tions upon the presence of a nucleus in the yeast plant three only actually deny 
its existence. Many conflicting statements, however, have been made as to its 
nature, some observers having described it as a perfectly homogeneous body, others 
as possessing a nuclear membrane and nucleolus, whilst two observers regard cer- 
tain granules present in the cell under certain conditions as of the nature of a 
nucleus. 

In Saccharomyces cerevisece the nucleus can be easily demonstrated by careful 
staining in baematoxylin, Ilartog’s double stain of nigrosiii and carmine, or by 
staining in aniline-water solution of gentian violet. It appears to consist, in the 
majority of cases, of a homogeneous substance, spherical in shape, placed between 
the cell wall and the vacuole. By very careful staining, however, and especially 
after digestion in pepsin glycerine solution, a granular structure can be observed. 
The whole cell is in the normal, undigested state, often pervaded by such a dee])ly 
Btainable substance that this granular structure is diflicult to make out. On the 
whole, perhaps, it resembles more than anything else the fragmenting nuclei in the 
older leaf cells of Ohara ; that is, it consists of deeply stained granules embedded in 
a slightly less stainable matrix These granules are probably chromatin granules, 
and the matrix occasionally gives evidence of a slight granular structure. 

The process of budding in a yeast cell is accompanied by the division of this 
nucleus into two. The division is a direct one, and does not take place in the 
mother cell, but in the neck joining it to the daughter cell. When about to divide, 
the nucleus places itself just at the opening of this neck, and proceeds to make its 
way through it into the daughter cell, until about half of it has passed through, 
when it divides completely, and the two nuclei thus formed separate from each 
other towards the opposite sides of their respective cells. 
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In S. Ludwigii the nucleus appears to possess the normal structure of a nucleus 
a nuclear membrane being present, together with a nuclear network and a nucleolus. 
The nucleolus appears to contain all the chromatin substance, and in the process 
of division increases in size and divides into two, each portion becoming a new 
nucleus. 

In S. Pastorianus the nucleus is similar in structure to that of S. Ludwigii^ 
except that a distinct nuclear network could not be seen. The process of division 
is likewise similar to that observed in S. Ludwigii. 

The process of spore-formation was observed in S ccrevisecD. In a cell about 
to sporulate the large vacuole or vacuoles disappear, and the protoplasm becomes 
filled with a large number of very small ones, so that its texture appears spongy. 
At this stage the nucleus is found in the centre of the cell, and appears to be 
homogeneous in structure. Soon, however, deeply stained granules appear in it, 
and these accumulate in the centre, forming a spherical mass, which Iooks exactly 
like a nucleolus. Wheu this nucleus divides its outline becomes irregular, and 
the granules arrange themselves in the form of a short rod surrounded by the other 
portion of the nucleus, which stains differently and appears to form a structure of 
the nature of a spindle. The granules separate into two groups, and each group 
becomes a nucleus. The two nuclei thus formed again divide, and four nuclei are 
produced, each of which becomes the nucleus of a spore. A small quantity of 
protoplasm accumulates round each nucleus, spore membranes appear, and four 
spores are thus formed, standing in the remainder of the protoplasm, from which 
ultimately the thick spore membranes are produced. 

We may, I think, regard the process ot nuclear division in spore-formation as a 
simple form of karyokinesis. 


6. A Disease of Tomatoes. By W. G. P. Ellis, J/.A., Camhyndge, 

From diseased tomatoes received in August 1896* from Jersey the associated 
fungi and bacteria were isolated and cultivated on nutrient gelatine, and the 
mycelium was traced in sections of the fruits. On removing the first skin with 
carefully sterilised instruments the mycelium within the fruit formed in a short 
time the well-known sporangiophores of Mucov stolonifer. Though late in the 
season (August 81, 1890), infection of sound plants at the University Botanic 
Gardens, (Cambridge, from pure cultures caused a disease resembling that of the 
fruits received in August and September from the grower. Experiments are now 
(July 1897) in progress to determine (1) whether the fungi obtained, other than 
Mucor stolonifer, cause disease, and (2) the site of infection. 


7. Qn the Chimney -sha'ped Stomata (^Holacantlia Emoryi. 

By Professor Charles E. Bessey. 

This prickly, leafless shrub, called the * Burro Thorn,’ ^ Sacred Thoru,^ ‘ Cruci- 
fixion Thorn,' ‘ Corono de Christo,' &c., is a native of the arid regions of Southern 
Arizona, where it was discovered fifty years ago by Major Emory, of the United 
States Army. It is supplied with remarkable breathing pores, which are evidently 
designed to enable the plant to obtain carbon dioxide, while at the same time pre- 
venting the loss of water from its interior moist tissues. The epidermis is of 
extraordinary thickness, and the stomata have long, narrow, chimney-shaped 
openings above them, terminating in hollow papillie, which project some distance 
a Dove the surface. 


8. Some Considerations upon the Functions of Stomata. 

By Professor Charles E. Bessey. 

The author summarily reviewed the structure of stomata and discussed the 
needs of aquatic, terrestrial, and aerial plants as to their getting of food, and the 
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means by which they resist the drying of their tissues. The facts cited are held 
by him to indicate that respiration is the normal function of stomata, and that the 
loss of water through stomata is incidental and secondary. The author concludes : — 

1. That one of the functions of stomata is the admission of carbon dioxide to 
the chlorophyll-bearing tissues of the plant for use in the formation of the carbo- 
hydrates. 2. That the loss of water by terrestrial plants was originally hurtful, 
and is so now in many cases. 3. That if plants have utilised this constant phe- 
nomenon, it is for the supply of food matters of secondary importance, as the salts 
in solution in the water of the soil. He cites observations and experiments to 
corroborate his views. Thus Stahl and Blackman have shown that carbon di-oxide 
enters through the stomata ; Stalil has shown, also, that transpiration takes place 
through the stomata, but many observations show that stomata quickly close when 
the water supply is deficient. Stahl, again, has shown that the leaves of ever- 
greens have their stomata closed during the times when no carbon assimilation can 
take place (that is, in winter) ; observations show that green parasites (mistletoe, 
&c.) have many stomata, while those not green (dodders, &c.) have scarcely any. 


FRIDAY , AUGUST 20. 

The President’s Address was delivered. See p. 8.31. 


The following Papers were read : — 

1. On the Species of ricca occurring in Norfh-mstern United States and 
Canada. By Professor D. P. Peniiallow. 

Since the time of Pursli the validity of the red spruce as a distinct species has 
been generally denied by systematic botanists. In J887 the late Dr. George 
Lawson maintained, in a paper before the Royal Society of Canada, that the red 
and black spruces are distinct species. This view has been sustained during the 
past year by Britton in his ‘ Illustrated Flora of North America.’ My own studies 
prosecuted during the past two years have likewise shown tliat there are abundant 
reasons for the separation of F, rubra as a distinct species. 

Incidentally attention has been directed to a form of the white spruce 
characterised by its foetid odour and its strongly glaucous, rigid, and often 
cuspidate leaves, which are commonly produced at the base. For this the name 
feetida is suggested. 

2. Contribution to the Life History of RanuncnluSt 
By Professor Coulter. 


3. On the Distribution of the Native Trees of Nebraska. 

By Professor Charles E. Bessey, 

The State of Nebraska occupies a central position in that portion of the North 
American continent where forest trees may grow. In this great area it lies almost 
centrally again within the prairie region, which extends from the Mississippi 
River to the Rocky Mountains, and stretches from Saskatchewan to Texas. 
Beginning with an elevation of a little less than 300 metres along the JMissouri 
River, which forms its eastern boundary, it rises gradually to an altitude of about 
1,700 metres near its western border. From east to west it is an undulating plain 
whose western edge has been much uplifted. Down this slope run the Niobrara, 
the Platte, and the Republican Rivers, each a turbid mountain torrent rushing 
swiftly and directly from the Rocky Mountains or the foot-hills to the Missouri 
River. 
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Across the central part of the State a broad belt of sand-hills stretches from 
north-east to south-west. From these arise many small rivers of clear water, 
filtered through the sands, and issuing in never-failing springs. Thus arise the 
Middle Loup, North Loup, Calamus, South Loup, Shell, and the Elkhorn Rivers 
and their numerous branches. Lastly, in the basin of the south-eastern quarter 
there flow in different directions several alluvial streams, whose muddy waters run 
sluggishly into the Republican, the Missouri, and the Platte Rivers. 

South-eastward of this area lie the heavy forests which characterise many 
portions of Missouri. Southward lies the southern extension of the Great Plains, 
while northward the plains continue to the international boundary and far beyond. 
Eastward lie the undulating prairies of Iowa, with their streams bordered by 
narrow belts of forest trees. Westward are the forests of the Rocky Mountains, 
extending eastward upon the Black Hills of South Dakota, and the foot-hills of 
Wyoming and Western Nebraska, namely Pine Ridge, north of the Niobrara River 
and Cheyenne Ridge, between the North Platte and Lodge Pole Rivers. 

In this area, in the centre of the plains, the native trees of the South-eastern 
Missouri forests, and the Western Rocky Mountain forests have pushed until there 
are now about sixty-five species of trees which grow naturally within its limits. 
Of this number fully fifty-six came from the iNIissouri forests, and but nine from 
the Rocky Mountains. 


4. The Vegetation Regians of the Prairie Trovince. 

Bg Roscoe Pound and Frederic E. Clements. 

A portion of the paper is devoted to a critique of the treatment accorded by 
various authors to the floral covering of the North American continent, and in 
particular to that given by Drude in his ^ Ilandbuch der Pflanzengeographie.' 
Especial attention is paid to the latter’s characterisation of the Great Plains, and 
the details are discussed at considerable length. The authors endeavour to demon- 
strate the integrity of the Great Plains as a single vegetation province, and, in so 
doing, summarise the most salient features of the lloristic. Finally, the vegetation 
regions of the prairie province are outlined briefly, followed by a concise summary 
of the characteristic formations. 

There are three general classes of formations, comprising a considerable number 
of types, viz., the prairie formations, prairie-grass, bullalo-grass formations, the 
sand-hill formations, bunch-grass, blowout, and sand-draw formations, the foot- 
hill formations, the undorshrub formation of tableland and bad laud, the mat and 
rosette formation of buttes and hills, and the grass formation of high prairie and 
aandy plains. 


5. The Zonal Constitution and Disposition of Plant Formations, 

By Frederic E. Clements. 

The author has here reviewed the phytogeographical contributions bearing upon 
the subject in hand, with especial reference to the part they have played in the 
■elaboration of the conception of zonation. In addition, he has endeavoured to 
demonstrate the fundamental universality of zonation in all divisions of the floral 
covering. The essential connection between lines of stress which are physical, 
tensions which are biological, and zones which are pihytogeographical is brought 
out, and the causation of these phenomena briefly discussed. Lines of stress are 
symmetrical or asymmetrical. Continental lines of stress are asymmetrical. They 
are transverse, in which case they are primary, and give rise to vegetation zones, 
or longitudinal, when they are secondary, and originate vegetation provinces. 
There are also tertiary lines of stress, which are likewise asymmetrical, and define 
vegetation regions. Symmetrical lines of stress produce bilaterally or radially 
symmetrical tensions, Each may be the result of biological or topographical 
symmetry, so that various portions of the floral covering may manifest zonation, 
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due to either bilateral or radial biological symmetry, or to bilateral or radial 
topographical symmetry. Zonal and azonal formations are contrasted, and the 
latter shown to be rare and atypical. 


6. The Transition Region qf the Caryophyllales* 

By Frederic E. Clements. 

The history of the investigation of the transition region is discussed at con- 
siderable length. After a concise sketch of the histogenetic changes in the transi- 
tion region in general, the details of the process are given for selected genera, 
Dianthus, Portulaca, Allionia, Phytolacca, Polygonum, and Rumex. Three types 
of transition may be distinguished with respect to the constitution of the bundle 
trace of the cotyledons: holostelar, where the trace is composed of the entire 
vascular system of the hypocotyledonary stele ; prototracheidal, when the proto- 
tracheids are the xylem elements to pass into the cotyledons ; metatracheidal, when 
the cotyledonary trace is formed by the metatracheids. With reference to the per- 
fection of the transition in the hypocotyl, the transition may be truncate or com- 
plete. In the first case, the xylem and phloem reach the cotyledons in centripetal 
or secantial orientation ; in the second, the orientation is centrifugal, and the stele 
becomes collateral. 


7. Note on Tlcurococcus. By Dorothea F. jM. Pertz, Cambridge. 

Cultures of Pleurococcus in nutritive solutions were made during the winter 
months, from November to April. They did well in Knop’s solution, *2 per cent., 
in sierilised glass dishes and flasks, which were placed indiflerent situations ; in the 
laboratory, in a greenhouse, and out of doors. 

Separate clusters of Pleurococcus in hanging drops of the same solution were 
also observed as continuously as possible. These drops were suspended in carefully 
sterilised moist chambers, which were kept for several weeks, in one case for two 
months. 

The chief difficulties met with were, first, to obtain the Pleurococcus in ab- 
solutely pure condition, and then to keep it sufficiently aerated without running 
any risk of making the culture impure. Both the ‘ globular sporangia ’ and those 
of ‘ elongated or quadrangular form,’ observed by Chodat, occurred frequently, and 
they seem undoubtedly to be produced by the transformation of normal Pleuro- 
coccus-cells. Individual sporangia were repeatedly selected for special observation, 
and the process by which they break up into separate spores was noted at all its 
stages. 

The filamentous form described by Chodat never occurred. 


MONDAY, AUGUST 23. 

The following Papers were read : — 

1. Antherozoids of Zamia integrifolia.' By Herbert J. Webber, Af.A.^ 
W ashington, D.C, 

The occurrence of motile antherozoids in Zamia confirms their recent discovery 
in Gingko and Cycas by the Japanese investigators Ilirase and Ikeno. The develop- 

* For fuller details see ‘ Peculiar Structures Occurring in the Pollen Tube of 
Zamia,’ Bot. Gazette, vol. xxiii., June 1897, p. 453 ; ‘ The Development of the Anther- 
ozoids of Zamia,* Bot. Gazette, vol. xxiv., July 1897, p. 10 ; ‘ Notes on the Fecunda- 
tion of Zamia and the Pollen Tube Apparatus of Gingko,’ Bot. Gazette, vol. xxiv., 
October 1897, p. 255. 
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ment of the antheix)zoid8 in Zamia is unique. In the generative cell two compara- 
tively very large bodies are found accompanying tbe nucleus, which very greatly 
resemble centrosomes, but which differ from any centrosomes that have been de- 
scribed. The generative cell divides, forming two daughter-cells, each of which forms 
a motile antherozoid. In the prophases of the division the centrosome-like bodies in- 
crease in size, becoming from 18 to 20 /x in diameter, an exterior wall becomes plainly 
distinguishable, and the contents become vacuolate. During the formation of the 
spindle, the kinoplasmic filaments centered upon the centrosom-like bodies entirely 
disappear, apparently being utilised in forming the spindle. The spindle is inter- 
nuclear, thenlameiitshavingno visible connection with tne centrosome. In the monas- 
ter stage of the division the outer membrane of the centrosome-like bodies has the ap- 
pearance of breaking up into fragments, the contents contracting away from the 
wall. During the formation of the cell-plate the outer membrane may be seen to have 
broken, and the contents are then visible asa small cluster of granules in the cytoplasm. 
'Phe membrane formed by the broken wall of the centrosome-like bodies becomes 
extended in length, forming a band which moves outward and becomes appressed 
against the Ilautschicht of the antherozoid cell. Tins band grows in length, 
finally forming from 6 to 6 turns around the cell, which are arranged in the form 
of a helicoid spiral. While this band is still short, protuberances can be noticed 
on its outer surface, which ultimately grow into the motile cilia of the mature 
antherozoid. The antherozoids of Zamia are surprisingly large, being plainly 
visible to the unaided eye. They are ovate or compressed, spherical in shape, and 
from 258 to ;.132 fi in length by 258 to 30G p in width. Their motion and de- 
velopment were studied in 10 per cent, sugar solution, in which they could be kept 
living and moving for over two hours. In fecundation from two to four anthero- 
zoids enter each archegonium, only one of which takes part in fecundation. In 
the actual process of fecundation, the nucleus only appears to take part, the 
cytoplasm and cilia bearinj^ baud probably remaining in the cytoplasm of the 
archegonium. The first division of the fecundated oosphere has not been observed. 
In later divisions, however, which have been carefully studied no indication of 
•centrosomes could be found. Tlie centrosome-like body in Zamia seems thus to be 
a temporary organ of the cell, having the special and unique function of forming 
the motile organs of the antherozoid. 


2. On Diagnuns ill astrating the result of Fifty Years^ Experimenting on 
the Groivth of Wheat at liothamsted, England. By Dr. H. E. Arm- 
strong, F.li.S. 


3. xi Freliminary xicconnt of a Now Method of Investigating the Behaviour 
(f Btomata. By Francis Darwin, F.R.S. 

The method resembles in principle Stahl’s cobalt test, inasmuch as it tmly 
indirectly indicates the condition of the stomata. Both are, strictly speaking, 
methods for localising the transpiration of leaves, and both, to some degree, 
measure the amount of transpiration. The instrument made use of in the present 
researches is a hygroscope depending for its action on the extreme sensitiveness to 
watery vapour of certain substances. The best material consists of thin sheets of 
horn treated in a special manner, and known as ‘ Chinese sensitive leaf.' The 
other is what is used for the toys described as ‘ fortune-telling ladies,’ ‘ magical 
*isb,’ &c. When either of these membranes is placed on a damp surface it 
instantly curves with the concavity away from the source of moisture. If one end 
of a strip of the material is fixed to the lower surface of a block of cork, and is 
placed on the stomatal face of a leaf, it is clear that only the free end can rise. It 
is on this principle that the hygroscope is constructed, the angle to which tbe 
hygroscope tongue rises being a rough indication of the degree of transpiration. 
Thus on a leaf having stomata only below, the index of the hygroscope remains at 
ZfCro on the upper surface of the leaf, while on the lower side it instantly rises to 
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an angle varying with the condition of the stomata. If they are widely open the 
angle will be 30° or 40° to a horizontal line ; if the stomata are closed the reading 
will be zero on both surfaces of the leaf. With this instrument a number of well- 
known facts in the physiology of the stomata can be easily demonstrated. The 
author is engaged in a general investigation of the behaviour of the stomata under 
varying conditions. 

4. lifotes on Lilcea, By Professor Campbell. 


5. Lecture 07i Fossil Plants. By A. C. Seward, M.A. 

6. On the Existence of Motile Antherozoids in the Dietyolaceoi. 
By J. L. Williams. 


TUESDAY, AUGUST 21. 

A joint discussion with Section I on the ('hemistry and Structure of the Cell 
was introduced by the reading of the following Papers : — 


(1) The Rationale of C hemical Synthesis. 
By Professor R. Meldola, F.R.S. 


(2) On the Existence of an Alcohol-producing Enzyme in Yeast. 
By Professor J. R. Green, F.R.S. 


(3) The Origin and Significance of Intracellular Structures. 
By Professor A. B. Macallum, Ph.D. 


The following Papers were then read ; — 

1. Further Observations on the Insemination of Ferns, and specially on 
the Production of an Athyrioid Asplenium Trichomanes, By E. J. 
Lowe, F.R.S. 

At the meeting of the British Association ut Cardifi' in 1801 the author used 
the term multiple parentage. Since then a biological committee of the Royal 
Society has been formed, and the term insemination has been used in the case of 
animals. As a member of that committee the author uses the term insemination 
of plants in preference to that of multiple parentage. 

The author records experiments in these insemination of Asplenium Tricho-- 
manes with Asplenium marinum and Athyriumflix foemina. 

In the hybrid Trichomanes the length of the frond is six inches, of which the 
lower half is bipinnate and two inches wide, the upper half being pinnate, with 
long narrow pinn®. Some of the fronds are pinnate from the base to the apex, 
and these have very long pinn®, especially near the base, some being as much as 
three-quarters of an inch in length. 

Although copiously fertile and giving promise of a crop of seedlings, it has 
yet to be proved whether it may not be similar to the hybrid between Aspidium 
aculeatum and Aspidium angulare, whose spores looked equally pi omising, though 
practically sterile, for the sowings of many thousand spores (persevered in for a 
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number of years) have only resulted in three or four plants ; but these three or 
four are, however, not only copiously fertile, but have produced many plants. 

Tn the athyrioid Trichomanes the only peculiarity connecting it with Afplenium 
marinum consists in the long narrow pinufe being substituted for the usual rounded 
ones, and in the basal pinnm being large, which is not the case in other forms of 
Aaplenium Trichomanes. The change from pinnate to bipinnate is evidence of a 
cross with Athyrium, for the author has never heard of a bipinnate-fronded 
Asplenium Tndiomanes ; the bipinnate lower half of the fronds have the pinnae 
bent, some even at right angles to the frond (as is tlie case with the variety of 
Asplenium Trichomanes that was used in this cross). These pinnce being bent at 
right angles makes it impossible to show the character with a pressed frond. The 
reproductive organs largely imitate Asplenium Trichomanes. A portion of the 
fronds are not bipinnate, and in these the pinnae are very large at the base. 

Two plants having this bipinnate character are almost identical, and some 
others now approaching maturity will bo very similar, whilst others show no 
attempt up to the present time to be bipinnate, and these have the large lengthy 
pinnm of the sea spleenwort. 


2. Ori more than one Plant from the same Prothallus, 

By E. J. Lowe, F.R.S. 

Experiments have now contradicted the assertion that only one cell on a pro- 
thallus can be impregnated, and that only one plant can be produced. 

It must be borne in mind that what holds good in a wild state does not neces- 
sarily affect artificial impregnation, i.e.y where the strongest survive, to the 
destruction of the weaker. Taking two notable examples, the variety of 

the lady fern and the cristatum of the Nephrodium palleaceum^ both remarkable 
varieties, and now to be seen in every good fernery, have never again been found 
growing wild, although by artificial culture they are raised by thousands. 

In artificially cultivated plants we have some important instances. In 1885 
an Athyrium was inseminated with eight varieties, and amongst the plants three 
were found growing so closely togetlier as to be difficult to separate. These 
eventually proved to be all alike, and wore moreover so remarkable from having 
two kinds of fronds (the firt^t instance known in the lady fern) as to make it 
certain they were produced on the same prothallus. Again, in 1880 there was the 
case of a Scolopendrium,in which four varieties ofa Scolopendrium from insemination 
produced throe plants under similar circumstances. These were also alike, and had 
fronds that were undulate, muricate, periferent, and caudate, the tail or liorn being 

inches long and branched. 

Further experiments, in which immediately on a frond appearing it was 
removed, caused the prothallus to throw out other branches or fronds, which 
were as speedily removed ; and in this way seven plants resulted from this one 
prothallus, but this development was most conclusively shown in the experiment 
of dividing and repeatedly subdividing a prothallus, as then forty plants were 
obtained, and the prothallus divisions kept healthy for several years, although for 
several years previously they had been kept alive and unimpregnated. 


3. liesults in Experiments in the Cross fertilising of Plants, Shrubs, and 
Trees. By Wm. Saunders, Director of the Dominion Experimental 
Farms. 

Ill this Paper the writer gives an account of the results achieved by experi- 
ments conducted by him during the past twenty-five years in the cross-fertilising 
of plants, trees, and shrubs. This work has included experiments with different 
sorts of wheat, barley, oats, pease, and rye; also with different varieties of the 
gooseberry, red currant, white currant, black currant, raspberry, blackberry, grape, 
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npple, pear, plum, and cherry, and with several species of ornamental shrubs and 
wild flowers. 

Among the moat interesting results obtained with fruits may be mentioned 
some hybrids between the black currant as female and the gooseberry as male, 
which show in a very striking manner the influence of both parents. In the 
hybrids the leaves are intermediate in form and character. In all but two 
instances the leaves have no odour when bruised, and in these the characteristic 
odour of the black currant is but faintly perceptible. The flowers also are inter- 
mediate in the size of the clusters and the number of flowers on each. Even in 
the structure of the pistil the flower partakes of the characteristics of both parents. 
In the black currant it is single, short, and robust ; in the gooseberry it is long and 
slender, and divided to the base ; in the hybrid the pistil is cleft halfway down. 
Very little fruit has yet been produced, but the berries thus far have been borne 
singly, and are of a dull reddisn colour. 

The gooseberry sawfly, Nematus Ribesiif which does not oat the foliage of the 
black currant,, feeds on the leaves of the hybrids ; the gooseberry mildew also, 
SphcBi'otheca Mors-ui^ce, which does not affect the black currant, attacks these 
hybrids. Although these have been raised from seed of the black currant, their 
gooseberry characteristics are recognised by both animal and vegetable parasites. 

Another interesting hybrid spoken of was the result of a cross between the. 
Clinton, an improved form of the native wild grape Vitis cordifolia^ with Buck- 
land’s Sweetwater, a variety of Vitis mrnfera. The Clinton produces a hunch 
which is small, long, and very compact, with a round black berry, quite acid. The 
Sweetwater forms a large loose hunch, and the berries are large, oval, and pale 
yellowisli green. The hybrid produces large, rather loose, shouldered clusters with 
benies oval in form, and of a pale yellowish green colour. In size, form, colour, 
and quality the fruit resembles that of the male more than the female parent. 

A number of varieties of dark purple raspberries have been produced by cross- 
ing the black cap raspberry, 2iub2/soccide7ifaliSf with one of the cultivated forms of the 
red raspberry, JRuhtis strigosus. The former is propagated by emitting roots from the 
tips of the pendulous branches when these touch the ground, while the latter sends 
up suckers from the running roots. The hybrids have usually rooted from the tips, 
but not freely, hut in several instances occasional suckers have been sent up from 
the roots. The fruit has a flavour which is a striking combination of that of both 
parents. 

Many crosses have been made during the past three years, using Pjp’us haconfn 
as female, the pollen being obtained from a number of diflerent varieties of the 
most hardy Russian apples. Pipms baccata has proved ([iiite hardy on the north- 
west plains, where all the larger and better sorts of apples have failed, and this 
work has been undertaken with the object of securing useful fruits which will be 
hardy in the north-west country. With a similar object hybrids have also been 
obtained between tlie sand cherry, P7'unus piwiilaj and the cultivated forms of the 
American plum, Prunus ainei'icaTia. 

Some very promising varieties of wheat have been originated by crossing Iho 
Ladoga — a Russian sort — with Red and White Fife. One of these, known as 
Preston, ripens earlier than Red or White Fife, and in the tests made last season 
with a large number of varieties it stood first in productiveness. 

Very distinct hybrids have been obtained between two-rowed and six-rowed 
barley, some of which are proving commercially valuable. Interesting results have 
also been had by crossing different sorts of oats ; also different varieties of pease. 

In ornamental shrubs striking hybrids have been produced between two species 
of barberry, Bei'beris Thunhergiij and Bei^heris vulgcn'is pu7'p7i7'eaf combining the 
peculiarities of both parents in flowers, fruit, leaves, and general habit to a 
remarkable extent. 


4. On a Hybrid V'erUy with Remarks on Hyhridiiy. 
By Professor J. B. Farmer. 
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5. The Morphology of the Central Cylinder in Vascular Plants, 

By E. C. J EFFREY. 

There are three main types of tibro-vascular arrangement in plant axes, viz. — 
(1) a single so-called concentric aggregation ; (2) several such aggregations, com- 
monly, but not always, grouped in a circle ; (3) a ring of so-called collateral or 
bicollateral bundles. 

Disregarding the older views, Van Tieghem’s is that the first type is primitive, 
and IS to be designated monostelic; the second is derived from it by simple 
multiplication, and is consequently to be considered as polystelic; the last type 
is derived from the first by the segregation of a parenchymatous pith in the 
midst of the central vascular core, and the splitting of the resultant fibro- 
vasculai- ring into wedges called fibro-vascular bundles by radiating parenchy- 
matous strands, the medullary rays. The last type of stem is according to this 
conception monostelic. 

The writer considers that this view of the phenomena does not correspond 
Avith morphological facts. In some of the Pteridophyta we have a single vascular 
non-medullated axis from which originate the leaf-traces. This state of affairs is 
found, for example, commonly in the genera Lycopodium and Selagmella. In many 
ferns the stele becomes a tube just below the origin of the leaf-trace, and this 
cylinder breaks open again above the exit of the foliar bundle. This modification 
is seen in its simplest form in ferns with sparse leaves and creeping rhizomes, and 
the tubulisation of the stele seems to be a mechanical device to strengthen the 
slender axis, and to enable it to support its comparatively enormous leaves. 
Where the leaves are close ranked and the stem ascends the foliar gaps overlap, 
and the stelar cylinder becomes in a transverse section apparently a circle of 
separate bundles. In all such cases examined by Le Clerc du Sablon and the 
Avriter, the young stem has a tubular stele. Even when widely separated the 
vascular strands anastomose, so that there results a mechanically efficient fibro- 
vascular cylinder. In some genera, for example, Antrophyum and Vittariay the 
internal bast of the stelar tube degenerates, the result being a state of affairs 
approximating that found in the Angiosperms with the exception that the pith 
freely communicates with the outside. This modification is Aery marked in 
certain Ophioglossaceie andLepidodendracetc, which will be described at length in 
the fuller account Avhich Avill appear shortly. In the former there is present 
sometimes an internal endodermis, although the internal bast has disappeared. 
Among the Oleicheniacete we have in Mertcnbia the cortex sending parenchy- 
matous strands into the A’ascular axis of the stem down through the channelled 
leaf-traces ; in Gleichenia and Platyzoma these are completely cut off from the 
outside cortex, and we find an entirely included pith similar to that presented by 
Obmunda, The pith of these forms i.s in reality extrastelar, but no longer com- 
municates with the peripheral cortex. 

We have a similar series in the Equisetacece, where in the young stem the 
vascular axis is not primitively dialydesmic, but gamodesmic, contrary to the 
statement of Van Tieghem. The primitive stelar arrangement is a closed tube 
with external and internal endodermic, but no internal bast. In the older stem 
this condition may be replaced by isolated bundles, surrounded by individual 
endodermal sheaths. Often, however, the primitive tube remains intact, and the 
internal endodermis disappears, bringing about a disposition quite similar to that 
obtaining in the higher plants. It is interesting to note that the Calamitece pre- 
sented a still closer resemblance to the latter, owing to the presence of secondary 
wood. 

The writer proposes for the stelar tube the term siphonostolic ; where the 
internal as well as external bast is present, the stele is to be described as amphi- 
phloic ; where only the external bast is present, ectophloic. Monostelic axes are 
to be considered as protostelic, and present a marked contrast to the mechanically 
modified siphonostelic axes. 

In the Filicales the siphonostelic modification arose in connection with the 
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support of large leaves, and hence is to be called phyllosiphonic. In the Lyco- 
podiales, and probably the Equisetales, it is related to the support of branches, 
and hence may be termed cladosipbonic. 


WEDNESDAY, AUGUST 25. 

The following Papers were read : — 

1. The Gameto 2 ohyte q/’ Botrychium virginianura. 

By Edward C. Jeffrey, B.A. 

A complete description of the gametophyte of the Ophioglossacem has long 
been a desideratum. 

Since the discovery by Mettiniiis, in 1856, of the subterranean prothallium of 
Opkiofflossum pedunculosunif and by Hofmeister, in 1857, of that of Botrychium 
lunaria, nothing has been added till recently to their necessarily incomplete 
accounts of the gametophyte in these species. Our latest knowledge on this subject 
is derived from a brief description of incomplete material of the prothallium of 
Botrychium virgmianum found in 1803 at Orosse Isle, Michigan, by ih*ofessor 
Douglas Campbell, which was published in the ^ Proceedings ' of the Oxford meeting 
of the British Association in 1804, p. 605. * 

During the summer of 1805 the writer secured a large number of prothallia of 
the same species at Little Metis in the JVovince of Quebec. On examination it was 
found that the material thus obtained aflbrded a complete elucidation of the 
development and structure of the antheridia and archegonia, and a less satisfactory 
series of stages in the segmentation of the embryo. Last summer the remaining 
prothallia were removed to the number of about six hundred ; and, although they 
have only been partially studied, owing to technical diHiculties in emb('dding 
them, yet those examined have supplied all the lacking stages of the development of 
the young sporophyte 

It is proposed at the present time to furnish a brief account of the features of 
interest ; a fuller description will shortly appear in the ‘ Transactions ’ of the 
Canadian Institute. 

The gametophyte of Botrychium virginianum is of flattened oval shape, the 
narrower end of the prothallium being terminated by the growing point. My 
examples are from two to eighteen millimetres in length, by one and a-half to eight 
millimetres in breadth. Their thickness increases from the growing end backwards. 
The sides and lower surface of the prothallium are covered in younger specimens 
with multicellular hairs. In older plants these tend to disappear. The middle of 
the upper surface is occupied by a well-defined ridge, upon which the antheridia 
are situated. The archegonia are found on the declivities which slope away from 
the antheridial ridge. 

As might be expected, the younger sexual organs are found nearer the growing 
point than those of greater age. 

A cross section of the prothallium reveals to the naked eye the fact that the 
lower part of the gametophyte is composed of tissue which is yellowish in colour, 
and from which a thick oil exudes, even when the plant has been lying in 90 
per cent, alcohol for months. The upper portion of the prothallium tissue, upon 
which the generative organs are situated, is white in colour and free from oil. A 
long section of the prothallium shows the same distribution of yellow oil-bearing 
and white oil-free tissue as the cross section, but demonstrates that the oil- 
bearing stratum is both absolutely and relatively much thicker in the older parts 
of the plant. 

Microscopic examination shows that the oleiferous tissue has its cells occupied 
by an endophytic fungus and a very abundant protoplasm. 

The fungus, so far as it has yet been studied, seems to be "U sterile Pythiumy 
possibly the same as that found by Treub, Goebel, and others in the prothallium 
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of species of Lycopodium. I hope to investigate the fungus more closely in a 
living condition during the next period of vegetation. The fungus filaments 
can be seen passing from the prothallium to the outside medium by way of the 
root-hairs. 

The antheridia, as has been already stated, occur in numbers on a ridge 
running lengthwise on the upper surface of the protballium. The young antheridia 
originate behind the growing point from a single superficial cell. This divides 
transversely the outer half, giving rise to the outer antheridial wall and the inner 
half by repeated simultaneous divisions to a large number of spermatocytes. The 
fully developed antheridium is largely embedded in the antheridial ridge, and 
projects only slightly above its surface. The formation of the spermatozoids has 
not yet be(;n carefully studied, hut seems to resemble closely that described in the 
Marattiacea? and Equisetacea3. 

The spermatozoids are unusually large in size, but otherwise resemble the 
ordinary fern type, and consequently differ from the biciliate, moss-like spermato- 
zoids of the Lycopodiales. 

The archegoiiia are confined to the sloping sides of the upper surface of the 
prothallium. Unlike the antheridia, young archegonia, although most abundant 
near the growing point, may be formed on almost any part of the archegonia- 
bearing surface The archegonium mother cell is superficial, and is distinguished 
from its neighbours by a larger nucleus and a more abundant protoplasm. It first 
divides transversely into a shallow outer cell and a deeper inner cell. The inner 
cell divides again, and as a result the young archegonium consists of three cells. 
The most external of lliese, by subsequent divisions, gives rise to the neck of the 
archegonium. The internal cell is the basal cell. It also divides into a plate of 
cells sometimes composed of two layers and distinguished by their richly proto- 
plasmic contents. The middle cell of the young archegonium series gives rise by 
division to the neck canal cell and the ventral cell. The former becomes binu- 
cleate, but never divides into two cells. The latter, just before the maturation of 
the urcliegoniiim, divides into the egg-cell and the ventral canal cell. The ventral 
canal cell is broad, like that of the Marattiacece. 

In the ripe archegonium the nuclei of the cellsof the upper storeys of the arche- 
gonium neck become cbromatolysed. I do not know yet whether this feature is 
peculiar to Jiotrychium. 

The fully developed archegonium is sunk into the prothallium, and only the 
neck projects above its surface. The cervical cells are in four rows as in the other 
Pteridophyta, and the terminal ones spring apart when the egg is ripe. 

Spermatozoids are frequently found in contact with the egg. After fertilisation 
the egg grows to many times its original size, and the reduced protoplasm contains 
a large hydroplastid. 

The first division of the oospore is across the long axis of the archegonium. 
The next division is parallel with the long axis of the prothallium, and at right 
angles to the first. Ine third cross wall is in the transverse direction of the pro- 
thallium, and at right angles to the other two. I have been unable to follow 
satisfactorily the subsequent divisions. 

The organs appear very late, and only after the embryo has attained a large 
size. The root is the first of them to emerge, and the proliferation of cells, indi- 
cating its place of origin, is long unmarked by the presence of an apical cell. The 
cotyledon, stem apex, and foot appear nearly simultaneously. 

The root and cotyledon originate from the upper part of the embryonic mass ; 
the foot and stem apex from its lower cells. 

The apex of the root in many cases is in the same straight line with the canal 
of the archegonium neck. 

It seems hardly possible to derive the organa from definite octants of the 
embryo. 

The growth of the root ruptures the calyptra, and its exit is followed somewhat 
later by that of the cotyledon. The latter is not a bilaterally symmetrical 
structure, as in most ferns, but is of the same palmate type as is found in the 
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Osmundace®. The cotyledon begins to assimilate as soon as it I’eaches the surface 
of the ground, and thus resembles that of OpMoglossum pedxmculomm. 

There seems to be no evidence to indicate that more than the cotyledon appears 
above ground in the first season of the young plant s growth. In following 
summers apparently only a single leaf is produced, as is the case with the older 
plant. I have found young sporojihytes, bearing their sixth leaf, still attached to 
the mother prothallium ; and, as I have never found more than one leaf on the 
spore plants at once, and as the leaves, like other organs of this species of Botry- 
ciiium, are extremely resistant to decay, I am reasonably certain that such examples 
were in the sixth year of their existence. This longevity of the gametophyte is of 
some interest. 

One frequently finds two sporophytes on a single prothallium, and in many of 
these cases the apex of the prothalliiiin is bifurcated. In one case I found two 
spore plants which had arisen from a single embryo. In another case I discovered 
two tracheids in a protli allium in the vicinity of a decayed young spore plant. 
The latter may have been of apogamoiis origin, as a similar phenomenon generally 
accompanies apogamy. I have not yet studied thoroughly the growing region of 
the prothallium, as it is best examined in longitudinal sections of the gametophyte. 
8o far as T have investigated the matter, there seems to be evidimce of the existeix;e 
of an apical cell. 


2. Rexaarks on Chanyps in nninhpr irf JS'poranyla in Vascular Plants. 
Hy F. O. Bower, F.R.S. 

Comparison shows that in certain ca^es a progressive increase in number of 
sporangia has taken place, in others a decrease. The changes may be classified 
as follow's : — 

Increase in number of spm'ongia, 

Directl ' / septation of sporangia. 

^ I (^) interpolation of sporangia. 

r (c) by continued apical or intercalary growth of the part bear- 
Indirectly <! ing the sporangia, with or without branching, 

t {d) by branchings in the non-sporaiigial region. 


Decrease in xmmber of sporangia. 


Directly ^ 
Indirectly 1 


(а) by fusion of sporangia. 

(б) by abortion of sporangia. 

(c) by reduction or arrest of growth or branching of the part 

bearing the sporangia. 

(d) by suppression of branchings in tht*, vegetative region, 

resulting in few'(‘r sporangial slioots. 


Probably this does not exhaust the list of modes of modification, but the con- 
dition of the individual plant, as we see it in the mature state, may be regarded 
as a resultant of modifications sucli as these, and the morphological problem will 
be in each case to assign the due importance to any or all such factors. The 
physiological condition of the plant during development may largely determine 
the greater or less prominence of any one factor. 

An analytical study such as this may help in clearing the problem of the origin 
of bomosporous Pteridopby ta. 


3. Notes on Fossil Equisetaceev. A. C. Seward, /dfr./S'., CamhHdge. 

The genus Equisetites^ established by Sternberg in 1838, has been used by 
several authors as a convenient designation for fossil Equisetaceous stems, which 
show a close agreement in external form with the recent Horse-tails. In the 
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absence of internal structure, and without a Icnowledge of details, it is better to 
adopt the term E(pdsotite8 than to include the fossils in the genus Equisefum. 

In tracing the geological history of the Equisetacere it is extremely difficult to 
determine how far the evidence warrants the reference of certain Paheozoic fossilsv 
to Equisetites rather than to the genus Calamites. The fused leaf-segments usually 
regarded as characteristic of EquUehtof^ may not be a trustworthy distinguishing 
feature. Equisetites Hcmhigivayij Kidst, from the English Coal Measures, and other 
Perrao-Carboniferous species, afford examples of the difficulties of cori’ect determina- 
tion. There are certain species of Equisetites of Mesozoic age which present 
rdiaracters of special interest, e.g., Equisetites Eeanii^ E. lateralis, and others. An 
^‘xamination of several specimens of these forms has led to the conclusion that the 
specimens originally described as Calamites Beauii, and afterwards referred to the 
Monocotyledons, must be included in the genus Equisetites. Equisetites Beauii, 
from the Tiower Oolite rocks of England, rivalled in size the gigantic Tnassic 
stems described by 8chimper and others from the Vosges Sandstones. Equisetites 
lateralis, regarded by some writers as a form of Vlujllotheea or Schizoneura . is, in 
all probability, a true Equisetites, the reference to the former genera being founded 
on an incorrect interpretation of certain specimens. The so-called branch scars 
of E. lateralis are probabl}" slightly displaced nodal diaphragms. In conclusion 
the author refers to specimens described as Phyllotheca from various localities and 
geological horizons, and expresses the opinion that in such cases the generic name 
Equisetites would bo the more appropriate designation. 


4. On Streptothrix actinomycotica ami allied species q/Streptothiix. 
By Prof(‘ss()r E. M. Crooksiiank, M,D, 


r>. Observatiovs on the Cyamphycea\ 
By Professoi- A. B. Macallum, Eh.D. 


G. Report upon some Preliminary E.rperiinents with the Rontgen Rays on 
Plants. By Geougb F. Atkinson. 

Tlie experiments were conducted for the purpose of testing the effect of the 
ltdntgen rays on plants exposed during a considerable period of time. 

Because of the numerous instances of reported injury to the human body as a 
result of exposure to the Kdiitgen rays, it has been suggested that it might also 
have an injurious influence on plants. 

After a few preliminary experiments with leaves of (Jaladium, flowers of Begonia 
and seedlings of corn, wheat, sunflower, radish, german-millet, soja-bean, with 
i'xposures of one to ten hours, in which no perceptible injury resulted, a longer 
exposure was made, in which the following seedlings were acted on for a total of 
forty-five hours in a dark room : sunflower, wheat, german-millet, nonpareil-bean, 
soja-bean, cotton, oats, corn, vetch, pea, and cucumber. A duplicate set was placed 
also in the dark room, but outside the range of the Rontgen rays, as a check upon 
the experiment. 

On some days a continuous run of fifteen hours was made. During this time 
the plants behaved exactly as plants grown in a dark room would. Some of the 
seedlings were at one time or another turned strongly towards the light, and at 
other times just as strongly away from it, and these movements were ascribed to- 
nutation. At the close of the experiment all the growth which had taken place 
in the dark room was etiolated. On removing the seedlings from the dark room 
they all became slowly green, but the seedlings which were under the influence of 
the Rontgen rays recovered the green colour more slowly, which suggests that this 
light may have some slight injurious effect on the chloroplastids. No other infiu- 
ence of any kind was noted. 
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Another set of seedlings was then exposed for two days outside of the dark 
room. There Was no perceptible influence. 

The absorption of the ildntgen rays by the plants was then studied. Rdntgeii 
photographs of the seedlings experimented with, as well as of the internal structure 
oi Ariscematriphyllumy Pellandra virginicaj fruits of Cyras, Podophyllum peltatvm, 
pea, bean, peach, plum, clierries, &c., and of the venation of leaves and internal 
parts of flowers were readily obtained ; which shows that, while the rays penetrate 
plant tissues, they are also readily absorbed by the same. The lack of injuries or 
other influences then cannot be ascribed to non-absorption of the Rontgen rays. 

Experiments were also made upon three species of Mucor, on several species of 
Bacteria, and on one species of Oscillatoria. No influence was exerted on the 
growth or movement of any of the plants experimented with. 
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Lower, J. A. McLean on, 742. 

♦ some economic notes on gold min- ' 

ing in, by Prof. J. Mavor, 716. ; 

the 14-foot inland navigation of, J. 

Monro on the Soulangcs canal, a 
t}'pical link of, 754 

and north-east U S.A.. the species 

of Picea in, Prof. D. P. Pcnhallow on, 
862. ! 

and Neyvfoundland, the principal 

museums in. Report by Dr. H. M. Ami 
on, 62. 

♦Canadian fossils in the Museum of the 
School of Practical Science, exhibition 
of, 666. 

and Imperial hydrographic survey. 

Prof. A. Johnson on a, 554. 1 


Canadian virgin soils, the composition 
of, F. T. Shutt on, 616. 

economic history, Prof. A. Shortt, 
on characteristics of, 741. 

Canal, the Soulanges, a typical link of 
the 14-foot inland navigation of Can- 
ada, J. Monro on, 754. 

Ck\NNAN (Edwin) on national policy and 
international trade, 741. 

Cape of Good Hope and the Congo, 1482 
to 1488, E. G. Ravenstein on the, 717. 

Capper (Prof. D. S.) on the calibration 
of instruments used %n engineering 
laboratories, 424. 

Carbohydrates of cereal straws, Seco^id 
report on the, 294. 

Carboniferous rochs. Report on life-zones 
in the British, 296. 

♦Cardiac nerves, the morphological sig- 
nificance of the comparative stud}' of, 
Dr. W. 11. Gaskell on, 697. 

Carruthers (W.) on the zoology and 
botany of the West India Islamds, 369. 

Caryophyilales. the transition region of, 
F. E Clements on, 864. 

Case (Willard E ) on some new forms 
of gas batteries and a new carbon- 
consuming battery, 579. 

♦Cattle, the evolution of the domestic 
races of, G. P Hughes on, 698. 

Cares, the Selangor, near Singapore, 
Interim report on, 342. 

♦Cell, the chemi.stry and structure of 
the, Discussion on, 826, 866. 

Centres nerveux, la periode rufractaire 
dans les, Prof. Dr. C. Ricbet sur, 823. 

♦Cerebral commissures in the vertebrata, 
the morphology of the, Dr. G. Elliot 
Smith on, 697. 

— cortex, the functional development 
of in different groups of animals, 
Prof. Wesley Mills on, 828. 

Chalmers (Robert) on the lue-glacial 
decay of rocks in eastern Canada, 665. 

Chamberlain (Dr. A. F.) on the Kootc- 
navs and their Salislian neighbours, 
792. 

on Kootenay Indian drawings, 792. 

Chamberlin (Prof. T. C.) on a group 
of hypotheses bearing on climatic 
changes, 644. 

on the distribution and succession 

of the Pleistocene ice sheets of 
northern United States, 647. 

Champlain submergence and uplift, and 
their relation to the Great Lakes and 
Niagara Falls, F. B. Taylor on the, 
652. 

♦Chemical synthesis, the rationale of. 
Prof. R. Meldola on, 826, 866. 

Chemistry, Address by Prof. W. Ramsay 
to the Section of, 593. 

— — reform in the teaching of. Prof. 
W. W. Andrews, 601. 
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CMldrcn in schools, the physical and 
mental defects of. Report on, 427. 

the yromth of Toronto, Dr. F. Boas 

on, 443. 

'“Chinese climate, slow refrigeration of, 
Dr. J. Edkins on, 569 
’“Chlorine, some experiments with, R. 
Hansford on, 627. 

•“Chronogiajih, a cheap, Prof. W. P. Lom- 
bard on, 82;{. 

'Cbronoscope, the pendulum, and acces- 
sory apparatus, Dr. E. W. Scrix^ture 
on, 824. 

'CiiEYSTAL (Prof. G.) on practical elec- 
trical standards, 206. 
ftirciilation, the physiological effects of 
peptone and its precursors when intro- 
duced into the. Interim, report on, 531. 
Clark cell, a simple modification of the 
Board of Trade form of the, Prof. II. li. 
Callendar and II. T. Barnes on, 591. 
'“Clark’s cell, the cyclical variation with 
temperature of the E M.F. of the II I 
form of, F. S. Spiers, F. Tvvyman, and | 
W. L. Waters on, 591. 

Classification of fisli-like vertebrata, the i 
determinants for the major, Prof, 
'fheodore Gill on, 696. 

•Claydkn (A. W.) on the application of 
photography to the eliicidatum of 
meteorological phenomena, 128. 
•Olaypole (Prof. E. W.) on the Paheozoic 
geography of the eastern States of 
America, 665. 

on human relics in the Drift of 

Ohio, 796. 

•CLELAKiJ (Prof. J.) on a n.thr opto metric 
measuremcnis in, schools, 451. 

Clements (F. E.) on the zonal consti- 
tution and disx')osition of plant forma- 
tions, 863. 

on the transition region of the 

Caryophgllalcs, 864. 

and ilO.scoE Pound on the vegeta- 
tion regions of the Prairie province, 
863. 

*Climate, Chinese, slow refrigeration of, ! 
Dr J. jEdkins on, 569. i 

of Europe, Dr. van Rijckevorsel on i 

the, 6()(). j 

Climatic changes, a group of hypotheses I 
bearing on, Prof. 4’. C. Chamberlin, ! 
644. ! 

Climatology of A frica, Sixth report on the, 
409. 

of Canada, R. F. Stupart on the, 

667. 

Clowes (Prof. F.) on the electrolytic 
methods of quantitative analysis, 295. 
*Coal, the qiroximate constituents of. 
Interim report on, 608. j 

Co^ls, analyses of some Precarboni- ! 
ferous. Prof. W. Hodgson Ellis on, I 
620. I 


*Coast erosion Committee of the East 
Kent and Dover Natural History 
Societies, the report of the, Capt. G. 
McDakin on, 658 

Coastal plain of Maine, Prof. W. Morris 
Davis on the, 719. 

Cobalt and nickel, the atomic weights oi, 
Prof. T. W. Richards, A. 8. Cushman, 

I and G. P. Baxter on, fI09. 

I Coleman (Prof. A. P.) on glacial and 
I interglacial deposits at Toronto, 650. 
i Colour- vision, t he jDhysiology and psychol- 
! ogy of, the tricolour lantern for illu;>- 
I trating, Dr. E. W. Scripture on, 824. 

Columns, tlie stiength of, Prof. G. Lanza 
on, 755. 

Combination tones, a photographic recoid 
of objective. Prof. A. W Riicker, R 
Forsyth, and R, Sowter on, 551. 

*CoN (Dr. Philip) on recent additions to 
the hsh fauna of New Brunswick, 689. 

Condensation products of aldehydes and 
amides. Dr. C. A. Kobn on, 622. 

of steam, experiments on the, hif 

* I*rof. II L Callendar and Prof. J. T. 
JVicolson, 418 

Congo and the Capo of Good Hope, 1 182 
to 1188, E. G. Ravenstein on the, 717. 

Cooke (C. W.) on the B.A. screw gauge, 
426. 

Copeland (Prof R.) on mcteoroloyical 
ohscrvations on Ben. Nevis, 219. 

CoPEMAN (Dr S. Morickton) and Dr 
F. R Blaxell on tlie action of 
glycerine on the tubercle bacillus, 829. 

’“Copper in animal cells, the presence of. 
Prof. W. A. Hcrdman and Prof. R. 
Boyce on, 827. 

Citval reef. Report on the investigation of 
the structure of a, 297. 

CoKDEAUX ( J. ) on mahi ny a digest of the oh- 
scrvations on the migrationofhii’ds,',l62. 

CoENiSli (Vaughan) on the distribution 
I of detritus by the sea, 716. 

: Corresponding Societies Committee: 
Report, 23 

Conference at Toronto, 27. 

TAst of Corresgwndmg Societies, 34. 
Papci's published by Local Soaictic.s. 

36. 

*CORTiiiLL (E. L ) on the geographical 
development of the Lower Mississippi, 
723. 

’“Coulter (Prof.) on the life history of 
Ranunculus, 862. 

('rctaccous fossils in Aberdeenshire, Rc- 
po7’t on, 333. 

rocks of the South Saskatchewan, 

the Lower, some remains of a sepia- 
like cuttle-fish from, J. F. Whiteaves 
on, 694, 

I Crew (H.) and V. II, Basquin on the 
I source of luminosity in the electric 
L arc, 677« 
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Crick (G. C.) h life zones in the British 
Carboniferous roohs, 296. 

Crompton (R. E.) on the B. A. screw 
gaugey 426. 

*Ceookshank (Prof. E. M.) on Strcp- 
tothrix actinomyeotica and allied 
.species of Strejjtothrix, 873. 

Cross (C. F.) on the carbohydrates of 
cereal straws^ 294. 

Cross-fertili.sing of plants, shrubs, and 
trees, experiments in the, Dr. W. 
Saunders on, 867. 

Crystallisation, progressive, differentia- 
tion in igneous magmas as a result of, 
J. J. H. Teall on, 661. 

’'Crystals, the formation of, W. L. T. 
Addison on, 613. 

CuNDALL (J. T ) on the produciion of 
haloids from pure inatcrialsy 295. 

CJUNNINOHAM (Lt.-Col. Allan) on tables 
of certain mathematical functimiSy 127. 

(Prof. D. J.) on an ethnographical 

surrey of the United Kingdoniy 452. 

on the ethnographical survey of Ire- 

landy 510. 

* (G. C.) on the Montreal electric 

tramway system, 7()l. 

CuoQ (Abb6) on an ethnological survey of 
Canada^ 440. 

Curve tracer, an electric, Prof. E. P. Rosa 
on, 571. 

-"CL'SHTNa (F. 11.) on the genc.sis of 
implement-making, 797. 

Cushman (A, S.), Prof. T. \V. liicii.tRDS, 
and G. P. Baxter on tlie atomic 
weights of nickel and cobalt, 609 

CUSHNY (Arthur II ) on rhythmical 
variations in the strength of the con- 
tractions of the mammalian licait, 816. 

Cuttle-fish, some remain.s of a .sppia-like, 
from the Lower Cretaceous rocks of 
the South Saskatchewan, J. F. Whit- 
eaves on, 694. 

’'‘Cyanophycem, Prof. A. 15. Maciilhim on, 
873. 

n.VRWiN (Francis) on the structure of a 
coral retfy 297 

~. A preliminary account of a new 
method of investigating tlie behaviour 
of stomata by, 865. 

(Prof. G. H.) on sei sinological in- 
vestigation, 129. 

— on the structure of a coral reefy 297. 

(Horace) on seismological investi- 

gationy 129. 

Davidson (John) on Canada and the 
silver question, 740. 

Davis (Prof. W. Morris) on the coastal 
plain of Maine, 719, 

on geography in the University, 

726. 

Davison (Dr. C.) on seismological inves- 
tigatioriy 129. 

1897. 


Dawkins (Prof. Boyd) on the structure 
of a coral reefy 297. 

on Irish elk remains in the Isle of 

Man, 346, 

on an ethnographical survey of the 

United Kingdomy 452. 

Dawson (Dr. G. Al.) mi an ethnological 
survey of Canada, 440. 

, Address to the Section of Geology 

by, 628. 

(Sir W.) on certain pre-Cambrian 

and Cambrian fossils supposed to be 
related to Bozoon, 656. 

Day (Wm, S.) on a reduction of Row- 
land’s value of the mechanical equiva- 
lent of heat to the Paris hydrogen 
scale, 559. 

Deacon (G. F.) on seismological invest i- 
gatioTiy 129. 

Address to the Section of Alechani- 

cal Science by, 747. 

*Deaf-mutism in Canada, statistics of, 
G. Johnson on, 739. 

Deliquescence and eillorescence of cer- 
tain salts, F. P. Dunnington on the, 
612. 

Denison (F. Napier) on the Great Lakes 
as a sensitive barometer, 567. 

De Range (C. E.) on the erratic bloohs 
of the British Isles, 349. 

Detritus, the distribution by the sea of, 
Vaughan Cornish on, 716. 

’“Devonian fossils from Western Ontario 
exhibited by Dr. S. Woolverton, 666. 

Dewar (Prof. J.) on wave-length tables 
of the spectra of the elements and 
compounds, 75. 

* and Prof. H, MoissAN on the pro- 

perties of liquid fluorine, 611. 

Dickson (H. N.) on the climatology of 
Africa, 409. 

*l)ictyolaceiey the existence of motile 
antWozoids, J. L. Williams on, 866. 

* on the first ascent of Mount Le- 

froy and Alount Aberdeen. 724. 

Discount lates m the United States, 
local differences in, Dr. K. M. Brecken- 
ridge on, 744. 

^Discussion on the first traces of man in 
America, 666, 796. 

^ of evidences of American-Asiatic 

contact, 795. 

* ____ of the chemistry and structure of 
the cell, 826, 866. 

’“Dixon (Prof. H. B ) on photographs of 
explosive flames, 612. 

Dodge (Richard E.) on scientific geo- 
graphy for schools, 714. 

““DOHEN (Dr. Anton) on the Naples 
marine station and its work, 683. 

’“Dollar, the origin of the, Prof. W. Q. 
Sumner on, 740. 

Dorsey (N. Ernest) on the determina- 
tion of the surface tension of water, 

31 . 
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and of certain dilute aqueous solutions 
by means of the method of ripples, 651. 

Dravidian race^ the Norths linguistic and 
antlirojyological characteristics of^ Re- 
port on the, 427. 

Drawings, Kootenay Indian, Dr. A. F, 
Chamberlain, on, 792. 

•Drift of Ohio, human relics in the. 
Prof. E. W. Claypole on, 70G. 

phenomena of Puget Sound and 

their interpretation, Baylcy Willis on, 
663. 

Drumlins, the origin of, Prof. N. S. 
Shaler on, 654. 

Duddell (W.) on an instrument for 
recording rapidly varying potential 
differences and currents, 675. 

Dufp (A Wilmer) on the rate of the 
decrease of the intensity of ' shrill 
sounds with time, 683. 

DaNKERLEY (Prof. Stanley) and Prof. J. 
A. Ewing, on the speciffc heat of 
superheated steam, 654. 

Dunntngton (F P.) on the distribution 
of titanic oxide upon the surface of the 
earth, 612. 

on the deliquescence and efflores- 
cence of certain salts, 612. 

Dunstan (Prof. W. R.) on the teach- 
science in elementary schools, 

287. 

on the production of haloids from 

pure materials, 296. 

Dyed colours, the action of light upon, 
Report on, 286. 


Ear, and lateral line in fishes, F. S. Lee 
on the, 811. 

Eartli strains and structures, O. H. llow- 
arth on, 664. 

Earthquakes, see Semnological Investiga- 
tion. 

Earthquakes, submarine, geological 
changes due to, John Milne on, 716 
♦Eclipse instruments, automatic opera- 
tion of. Prof. D. P. Todd on, 585. 
♦Economic choices, the theory of, Prof. 
F. H. Giddings on, 746. 

entomology in the United States, 

Dr. L O. Howard on, 694. 

♦ freedom in the United States, 

recent reaction from, Pt. R Bowker on, 
746. 

history of Canada; J. Castell Hop- 
kins on, 741. 

* characteri.stics of the. Prof. A. 

Shortt on, 711 

Science and Statistics, Address by 

Prof. E. 0. K. Conner, to the Section 
of, 727. 

Edgeworth (Prof. F. Y.) on statistics 
of bees, 694. 


♦Edkins (Dr. J.) on silver and copper 
in China, 740. 

♦ on the slow refrigeration of the 

Chinese climate, 569. 

Edmondson (T. W.) on the disruptive 
discharge in air and dielectric liquids, 
591. 

Education. Reform in the teaching of 
chemistry, Prof. W. W. Andrews on, 
601. 

Efflorescence and deliquescence of cer- 
tain salts, F. P. Dunnington on, 612. 
Eigenmann (Dr. C. H ) on the Ambly- 
opsidm, the blind fish of America, 685. 
Electric alternating currents, demonstra- 
tions on the form of. Prof. Dr. F. 
Braun on, 570. 

arc, the source of luminosity in the, 

I H Crew and O. H, Basquin on, 677. 

arc curves and crater ratios, the 

relations between the, with cored 
positive carbons, Hertha Ayrton on, 
576 

^ curve tracer, Prof. E. B. Rosa on 

an, 571. 

discharge in air and dielectric 

liquids, the disruptive, T. W. Edmond- 
son on, 69 1 . 

♦ rays, electros! atical experiments on 

nerve simulating the effects of. Prof 
Jacques Loch on, 821. 

spark, constitution of the, Prof. A. 

Schuster on the, 667. 

♦ tramway system at Montreal, G. 

C. Cunningham on the, 761. 

traction, the present tendencies 

of, J. G. W. Aldridge on, 761. 

waves, the use of the interfero- 
meter in the study of, G F. Hull on, 
674, 

Electrical measurements, experiments for 
improving the construction of practical 
standards for, Report on, 206. 

Append. IX : 

I. Note on the constant-volume gas- 
thermometer, bg O. Carey Foster, 
210 . 

II. On a determination of the ohm made 
in testing the Lorenz apparatus of 
the McGill University, Montreal, by 
Pi of. W. E. Ayrton and Prof. J 
Viriamu Jones, 212. 

method of measuring the tempcrii- 

turc of a metal surface on which steam 
is condensing. Prof. II. L. Callcndar 
on an, 422. 

oscillator, Nicola Tesla on an, 670. 

potential differences and currents, 

an instrument for recording rapidly 
varying, W. Diiddell on, 576. 

units, a new method of determining 

the specific heat of a liquid in terms 
of the international, Prof. H. L. Cal- 
lendarand II. T. Barnes on, 662. 
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‘^Electricity supply meters, some tests on | 
the variation with temperature and 
currents of the constants of, G. W. D. i 
Kicks on, 7G(>. 

Electrolysis anil electro-chemistry^ lie- < 
2K)rt on^ 227. 

Electrolytes, the determination of the > 
state of ionisation in dilute aqueous j 
solutions containing two, Prof. J. G. i 
MacGregor on, 581. I 

Electrolytic methods of quantitative ana- \ 
lysis, Report on the, 25)5. 

Electromotive ehnnyes in the spinal cord 
and nerve roots durmy activity. Prof. \ 
F. Goteh and. G. J. Burch on, 514. | 

Elk remains, Irish, in the Isle of Man, | 
Rej/ort on. the, 81(1. ' 

Ellis (W. G. P.) on a disf'ase of toma- 
toes, <SG1. 

— (Prof. W Hodgson) on analyses of 
some Precarboniferous coals, G20. 

Ells (R W ) on piobleins in Quebec 
geology, G40. 

Elphinstone (G K. 11) on the R A. 
screiv yanyc, 42(>. 

Elwortiiy (F. T ) on some old-world 
liarvest customs, 785). 

Energy, the law of o<»nsei vation of, in 
the human body, Pi of W. (). Atwater 
and Pi of. F P>, llosa on an apparatus 
for verifying, .IHH. 

Enginecnufi lahoratorics, calihration of 
instruments used in, Report on, 421 
Entomology, economic, m the United 
States, Dr. L. O. Howard on, G5)4 
Eozoon, certain Uambrian and pre-Cam- 
brian fossils supjiosed to bo related to, 
Sir W. Dawson on, (ioG 
E(j[uation. the cubic, Alex. Macfarlane 
on the solution of, 5G0. 

- — the quinqiiisectiim of the cyclo- 
tomic, .1. C Glashan on, 5G2 
Equiseiacru', fossil, A. C .Seward on, 
872. 

Erratic blocks of the British Isles, Report 
on the, 8 15). 

Erkera (Prof. L.) on the re serration of 
•plants for r.rhxbiiion, 587. 

Esocidm (or laiciidie) of Canada. Prof. 

K E Prince on the, (188. 

Ethnographical survey of the JJn'ited King- 
dom, Fifth report on an, 452. 

Appcnd.Lv : 

I. Further Report on Folhlore in 
(Hallomay, Seolland, by the late Rev. 
Walter Gregor, HI), 456. 

II. Report on. the. Ethnography of 
Wigiomnshnc and Kirkrudhright- 
sfiire, 500. 

III. Report of the Cambridge Com- 
mittee for the Ethnoyra phical Surrey 
of East Anglia, 503 

IV. Observations on Physical Charac- 
teristics of Children and Adults 


taken at Aberdeen, in Banffshire 
and m the Island of Lewis, 50G. 

V. Anthropometric Notes on the. Inhab- 
itants of Clcckhcaton, Yorkshire, 
507. 

VI. Report of the Committee on the. 
Ethnogragyhical Survey of Ireland, 

510. 

Ethnological Survey of Canada, First 
report on an, 440. 

Aqjpendioc : 

I. The growth of Toronto children, by 
J)r Franz Roas, 4 13. 

II The origin of the French Cana- 
dians, by R. Suite, 449 
Eurasia, the direction of lines of struc- 
ture in, Prince Kropotkin on, 722. 
Evans (Arthur J.) on an ethnographical 
survey of the United Kingdom, 452. 

onthe Silehestrr excavation, 511. 

(Sir John), Presidential Address 

by, 8. 

on the work of the Corresponding 

Societies C ommlitee, 28 
- — (N. N ) and Prof. H. Callen- 
II All on tlic behaviour of argon in X- 
ray tubes, 558. 

Everett (Prof J. D.) on practical eUc- 
triral standards, 200. 

’^Ewart (Prof. J. Cossar) on the trans- 
mission of ao(juired characters, 75)0 
Ewin'(J (Prof. J. H.) on sc i sinological 
t iivestigation, 1 25) 

on the calihration. of instruments 

used, in cnyineermy laboratories, 424. 

and Prof. Stanley Dunkerley on 

the specific heat of superheated steam, 
554. 

‘‘Explosive flames, photographs of, Prof. 
H. B. Dixon on, Gl2. 

•^Eye, the function of the canal of Still- 
ing in the vitreous humour of the, 
Prof Anderson Stuait on, 820. 

the reaction of tlic, t o intermittent 

stimulation, O. F. F. Gnmbaum on, 828. 


Fairchild (H. Le Roy) on the glacial 
geology of western New York, 604. 

Farmer (Prof. J. B.) on fertilisation in 
Plucophyvca-, 587. 

on thv preservation ef plants for 

exhibition, 537. 

* on a hybrid fern with remarks on 

hybridity, 8G8. 

(J. T.) and Prof. H. T. Bovey on 

the hydraulic laboratory of McGill 
University, 754. 

Fawcett (Hon. P ) on the structure of a 
coral reef, 297. 

Ferns, the insemination of, and s}iccially 
on the production of an atliyrioid 
Asplenium Trichomanes, E. J. Lowe on, 
866 . 
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♦Fcrratiii and hccmoglobin, internal 
absorption of, F, W. G. Mackay on, 
828. 

Ferrier (W. F.) and A. E. Barlow on 
the relations and structure of certain 
granites and associated arkoseson Lake 
Temiscaming, Canada, 669. 

♦Ferrier collection of minerals in the 
Biological Museum, Tor onto, Exhibition 
of the, 666. 

Finance, public, chiefly in relation to 
Canada, J. L. McDougall on, 742 

Finland, the Ssar (eskers) of, I’rincc 
Kropotkin on, 648. 

Fish fauna of Hudson Bay, Prof. E, E. 
Prince on, 687. 

* of New Brunswick, recent addi- 

tions to the, Dr. Philip Con on, 6<S9. 

tooth from the Upper Arisaig .series 

of Nova Scotia, J. F. Whiteaves on, 
656. 

Fishes, the ear and lateral lino in, F. S. 
Lee on, 811. 

FitzGerald (Prof. G. F.) on xnacUcal 
electrical stajidards, 206. 

Fitzpatrick (Rev. T. C: ) on j^ractical 
electrical standarchf 206. 

- ' on electrolysis and elect ro-clieoiisfry y 

227. 

Fleming (Dr. ,T. A.) on ‘practical elec- 
trical standards, 206. 

tFLETCHER (Miss Alice C.) on the scalp- 
lock: a study of Omaha ritual, 788. 

I on the import of the totem among 

the Omaha, 788. 

Fletcher (A. E.) on the dcoirolyiie 
methods of quantitative analysis, 21)6. 

Flower (Sir W. H ) on the Selangor 
caves, Singapore, 342. 

on the necessity for the immediate 

investigation of the hiology of oceanic 
islands, 362. 

on zoological Inhliography and puh- 

lication, 369. 

- - on the compilation of an index 
genernm et spcciernm amvialium, 367. 

Fluorine, demonstration of the prepani- 
tion and projierties of, by Prof, E. 
Meslans, 611. 

* the properties of liquid, Prof. H. 

Moissan and Prof. J. Dewar on, 611. 

Folklore in Galloway, The late Ecv. Dr. 
W. Gregor on, 466. 

FOORD (A. H.) on life zones in the British 
Carhoniferous rocks, 296. 

Forbes (G.) on practical electrical 
standards, 206. 

(H. O.) on the structure of a coral 

reef, 297. 

001 the necessity for the immediate 

investigation of the biology of oceanic 
islands, 362. 

on the migration of birds in Great 

Britain and Ireland by, 3G2, 


! “Forbes (H. 0.) on the physical charac- 
j teristics of European colonists born in 

j New Zealand, 791. 

j Forestry in India, Lieut.- Col. F. Bailey 
! on, 714. 

FoRSYpi (Prof. A. R.), Address to the 
Section of Mathematical and Physical 
Science by, 541. 

(R.), Prof. A. W. Rucker, and R. 

Sowteb on a photograpliic record of 
objective combination tones, 651. 

♦Fossil plants, Lecture by A. C. Seward 
on, 866. 

Foster (A, Le Neve) on the B. A. screw 
gauge, 426. 

■ ■ ■■ (Dr. C. Le Neve) on. the structure 
of a coral reef, 297. 

(Prof. G. C.) on practical electrical 

standards, 206. 

on the constant-volume gas thermo- 
meter, 210. 

(Prof. M.), Address to the Sect ion of 

Physiology by, 798. 

Fox (H.) on life-zones m the Brituh 
• Carboniferous rocks, 296. 

Frankland (Prof. Percy) on the elec- 
trolytic methods if quantitative 
analysis, 205. 

♦Freer (Prof. P. 0 ) on the constitution 
of aliphatic ketones, 621 

French Canadians, the origin of the, B. 
Suite on, 449. 

Fuel supply and the air supply of the 
earth, I<ord Kelvin on the, 663. 

Fungus, a wood-destroying, Stercum hir- 
s%ttum,VvQ)i.. II. Marshall Ward on, 860. 


Galloway, The late Itev. Dr, H'. Gregor 
on folk-lore in, 466. 

Galton (Sir Douglas) on the work of 
the Corresponding Societies Committee, 
23. 


on the physical and mental defects 

of children in schools, 427. 

(Francis) on the work of the 

Corresponding Societies Committee, 2.3. 

on an ethnographical survey of the 

United Kingdom, 462. 

♦Galvanometer, tangent. Prof. S. P. 
Thompson on, 557, 

♦Galvanometers, the use of a constant 
total current shunt with ballistic. Prof. 
W. E. Ayrton and J. Mather on, 688. 

♦ , the sensibility of, Prof. W. E. 

Ayrton and J. Mather on, 688. 

♦ , short V. long, for very sensitive 

zero tests. Prof. W. E. Ayrton and J. 
Mather on, 688. 

Gametophyte of Botrychium virgini- 
anum, B. C. Jeffrey on, 870. 

“Gannett (Henry) on the material con- 
ditions and growth of the United 
States, 726. 
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GA-RDinee (W.) o/i the preservation of Geography of Rhodesia, the economic, F. 

pt>a.nts for exhibition, 587. C. Selous on, 721, *740. 

Garson (Dr. J. G ) on the worh of the Geological changes, certain submarine, 
Correspondinff Societies (Joinmiftee^ 23. John Milne on, 716. 

on the physical and, mental defects photographs, British, exhibition of 

of children in schools, 427. a collection of, 066. 

— — on anthropometric measurements in Survey of Canada, the topographi- 

schools, 451. cal work of the, J. White on, 721. 

— on an cthnoyraphical survey of the — — - work in the province of Quebec 

United Kingdom, 452. since 1827, R. W. Ells on, 640. 

*GARSTANa (W.) on the surface plankton Geology, Address by Dr. G. M. Dawson 
of tlie Norlli Atlantic, 01)1. to the Section of, 628. 

on recapitulation in development., Gibbs (Prof. Wolcott) on ivave-length 

as illustrated by the life history of the tables of the spectra of the elements and 
masked crab (^CorysUs), 61)5. compounds, 75. 

G\RW00D (E. j.) on life -zones in the {fxoi YLcccKc.y') on fertilisation in 

liritish Car bom f crons rocks, 21)0. Pha-ophyceie, 587. 

on th(' collection of photographs of *Gi ddin(:s( Prof. F. H ) on the theory of 

geological interest in the United King- economic choices, 746. 
dom,' 20S> ♦Gilbert (G. K ), Remaiks intioductory 

Gas burner, Bunsen, a new form of, to the excursion to Niagara Falls and 
Hugh Marshall on, (528. Gorge by, 058. 

— plant, a modern power, working in Gill (Deemster) o?i Irish Elh remains 

a textile factory, H. Allen on, 707. in the Isle of Man, 84(5. 

G.VSKELL(Dr. W. H.) on the functional „ (J. L W.) on a new metnod of 

activity of n err e cells, 512. measuring hysteresis in iron, 762. 

■" on the moiphological significance (Prof. Theodore) on tlie determin- 

of tiie comparative study of cardiac ants for the major classiiication of 
nerves, (51)7. tish-like vertebrates, 01)6. 

>!■ on the comparative physiology of on the derivation of the pectoral 

the cardiac branches of the vagus member in terrestiial vertebrates, 61)7. 

nerve, 816. GlLMAN (Prof. N. P.) on recent aspects 

^Gastric cells, the morphology and of prolit sharing, 738. 

physiology of, R, R. Bensley on, 828. Gilitn (Dr. E.) on the pological hori- 

— — inversion of cane sugar by hydro- zons of some Nova Scotiaminerals, 068. 

chloiic acid, Prof. G. Lusk on the, 821. *GiLSON (Prof. Gustave) on musculo- 

(laugc for small screics, the liritish glandular cells in annelids, 01)5. 

Association. Hoe * Sere tv Gauge.' Glacial epoch, the continental elevation 

Geikie (ISir Archibald) on the structure of the, J. W. Spencer on, 051. 

of a coral reef, 21)7. — fonnations of the Alps, Prof. A. 

— (Prof. J ) on the eolleetton of Penck on, 047. 

photographs of geological interest in - geology of western New York, 
the United Kingdom, 21)8. U. Le Roy Fairchild on the, 064. 

Geograjihio work of the U.S A. Geogra- and interglacial deposits at Toronto, 

phical Purvey, C. V Walcott on, 720. Prof. A. 1^. Coleman on, 650. 

work of the United states Coast phenomena and the Chalky Boulder- 

and Geodetic Suivey, T. C. Mcnden- clay of the western-midland counties 
hall on the, 711). of England, H B. Woodward on the, 

work in the United States, Institu- (549. 

tions engaged in, Marcus Baker on, Glaciation of north-central Canada, J. B. 
718. Tyrrell on the, 002. 

Geographical classification, a scheme of, Gladstone (G.) on the leaching of 
Dr. II. R Mill on, 715. science in elementary schools, 287. 

pictures, Dr, H. R. Mill on, 725. (Dr. J. H.) on the teaching of science 

_ — wall-pictures, Prof. A. Penck on, in elementary schools, 287. 

725. - and W. liiBBERT, Continuation of 

(icography, Address by Dr. J. S. Keltic experiments on chemical constitution 
(o the Section of, 099. and the absorption of X rays by, (511. 

Ilcport on the position of in the Glaisher (Dr. J. W. L.) on tables of 

educational system, of the country, 870. certain mathematical functions, 127. 

for schools, scientific, R. E. Dodge *Gland cells, secretion in, R. R. Bensley 

on, 714. on, 828. 

. — in the University, Piof. W. M. Glasiian (J. C.) on the quinquisection 
Davis on, 726. of the cyclotomic equation, 562. 
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♦Glass plates, an experiment \\ith a ! 

bundle of, Prof. S V. Thompson on, 557. j 
f Glastonbury, the Lake Village of, Dr. ' 
R. Munio on, 789. i 

Glazkbrook (R. T.) on elec- 

trical standards, 200. 

Glycerine, the action of, on the tubercle 
bacillus, Dr. S. Monckton Copeman 
and Dr. F. B. Blaxell on, 820. 

Godman (F. Du C.) on the present state 
of OUT knon'ledge of the zoology and 
hotany of the ^\cst India Islands, 360. 
♦Gold mining in Canada, some economic 
notes on, by Prof. J. Mavor, 746. 

Gold ores containing tellurium, the cause 
of loss incurred in roasting, Dr. T. K. 
Rose on, 623. 

Gonner (Prof. E. C. K.), Address to the 
Section of Economic »Science and Sta- 
tistics b 3 % 727. 

Goodchild (J. G ) on the collection 
of photographs of geological interest in \ 
the Jj^nitejd Kingdom, 208. 

Gotcu (Prof. F.) on the functional | 
activity of nerve cells, 512. i 

and G. J. Rurch on electromotive 

changes in the sjnnal cord and nerve 
roots dw'ing acfivity, 514. 

Granite and associated arkoses on Lake 
Temiscaming, Canada, the relations 
and structure of certain, W. F. Ferrier 
and A. E. P»arlow on, 6.59. 

Gray (W.) u/i the collection of photographs 
of geological interest in the United 
Kingdom, 298. ' 

Green (Prof. J. R ) on the preservation 
of plants for exhilntwn, 537. 

* on the existence of an alcohol-pro- 

ducing enzyme in yeast, 820, 8()0 
Gbeenhill (Prof. A. G.) on tables of j 
certain mathematical functions, 127. | 

Gregor (The late Rev. Dr. W.) on folk- \ 
lore in Galloway, 456, ! 

Gregory (J. W.) on the structure of a ' 

coral reef, 207. 

Griffiths (E. H.) on piraetieal electrical j 
standards, 206. 

on electrolysis and electro-chemistry, , 

227. 

♦Grunbaum (0. F. F.) on the muscle- 
spindles in pathological conditions, 

811 . 

on vi.sual reaction to intermittent 

.stimulation, 828. 

G UNTiiER (Dr. A. C. L. G.) on the zooloyy 
and hotany of the West India Islands, . 
360. * j 

Guppy (M. R ) on the structure of a coral \ 
reef, 207. ' j 


H ADDON (Prof. A. C.) on the structure 
of a coral reef, 207. 


llADDON (Prof. A.C.) on the necessity for 
the immediate inrestigatio/i of the hw- 
loyy of oceawie inlands, 352 

on an ethnological survey of Canada, 

440. 

on the linguistic an d^ anthropological 

characteristics of the Noi'th iJravidian 
and Kolarian rares, 427. 

on an ethnographical survey of the 

United Kingdom, 452, 503, 510. 

* on the evolution of the cart and 

Irish car, 705. 

♦ on adze-making in the Andaman 

Islands, 707. 

♦Hadley (Prof. A. 'F.) on some fallacies 
ill the the(uy of the distribution of 
wealth, 710. 

ILcraatozoon infections in birds, W, G. 
Macallum on, 607 

*H:emoglobin and ferratin, internal ab- 
sorption of, F. V\". G Mackay on, 828. 
♦llAGAR (8tansbur\) on st;ir-lorc of the 
Micmacs of Nova Scotia, 789. 
diAHN (Dr. Otto) on meteorites, solid 
and gelatinous, 509 

Hale (G. E ) on tlie Yerkes observatory, 
586. 

(VV. H.) on the evolution of the 

Metropolis, and prolilems in metro- 
politan government in New Yoik, 743. 
♦Haliburton (K. G.) on November 
meteors and November Hoods, 500 
♦IlALKETT (A.) on Jiraiichtpns stag» 
nalis, 091. 

Halliburton (Prof. W. D.) on the 
functional aciiviiy of nerve cells, 512, 

and Dr F. W. Mott on the effects 

upon blood pressure pioduced b}’' the 
intravenous injection of liiiids contain- 
ing choline, neurine, or allied pro- 
ducts, 820. 

Haloids, the production of, from gjure 
materials, Uinal regfort on, 205. 
Hampson (Sir G. F.) on the zoology and 
hotany of the India fslands, 360. 

Hancock (Dr. Harris) on the historical 
development of Ahehanfunetuyns up to 
the time of Ih cm ann, 240. 

HanitsCH (Dr. K.)eM the iSelangor eaves, 
Singapore, 342. 

♦Harmonic analyses, new, Piof. A A. 

Michelson and S. W. Stratton on, 502. 
Harrison (Rev, S. N ) 07i the erratic 
blocks of the lirif ish Isles, 340. 
Hartland (E on the linguistic 

and anihropolof/ieol characteristics of 
the North Dravidian and Kolarian 
races, 427. 

on ati ethnological surrey of Canada, 

440. 

on an ethnographical survey of the 

United Kingdom, 452. 

on the hiit-buiial of the American 

aboiigines, 704. 
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HAKTLbJY (Prof. W. N) on wave-length ; 
iahlcs of the spectra of the elements and | 
compounds, 75. 

Harvest customs, soaie old-world, F. T. , 
Elworthy on, 7 SO. i 

IlAnvEY (Arthur) on magnetic perio- 
dicity as connected with solar physics, 
587. 

H^RYIIJ-Brown (J. a.) on mahing a 
digest of the observations on the migra- 
Uonof birds, 302. 

Hauuhton (The late Dr S.) on the 
ethnographical survey of Ireland, 510. 
Hawkshaw (J. C.) on the structure of a 
coral reef, 297. 

ITayckaft (Prof. J. B.) on the func- 
tional activity of nerve cells, 512. i 

Heart, Observations on the mamraalian, 
t)y W. 'r. Porter, 81 1. I 

. _ the output of the mamraalian, [ 
Dr. G.N Stewart on, 813. j 

rhythmic«al variations in the i 

strength of the contractions of the j 
mammalian, A. H. Cnshny on, 816. i 
Heat, a reduction of Rowland’s value of | 
the mechanical equivalent of, to the | 
Palis hydrogen scale, W. S. Day on, 
550. ! 

’‘‘Helium, Prof. \V. Ramsay on, 608. i 

* and argon. Demonstration of | 

the spectra of, by Prof. W. Jlam.say, 
611. 

IIenrioi (Prof O.) on a notation in 
vector analysis, 5(50. 

Henry (Prof. Louis) on the nitro-alco* 
hols, 021. 

Hekbertson (A. J.) on the 
geography in the educatioih 
the country, 370. 

Herdman (Prof. W. A.) on the necessity ' 
for the immediate im'esfigation of the j 
biology of oecanic islands, 352. 

on the occupation of a table at the ' 

Zoological Station at Naples, 353. I 

on zoological bibliograph ij and publi - 

cation, 350. } 

-- on the life conditions of the oyster, j 
30.3 ■ I 

on African Lahe fauna, j 

on the plankton collected con- ; 

tiimously during a traverse of the | 
Atlantic in August, 1807, 605. 

and Prof. Rubert Boyce on the 

presence of copper in animal cells, i 
827. I 

♦Heredity, Prof. J. C FiWart on the i 
transmission of acquired characters, j 
790. I 

Hero of the Ntlakapamuq, B. C , Squak- j 
tktqiiaclt, (’. Hill-Tout on, 788. ; 

Hewitt (C. J.) on the B. A screw gauge, ' 
426. ! 

Hibrert (W.) and Dr. J. H Glad- j 
STONE, Continuation of experiments > 


posit 1071 of 
d system of , 


on chemical constitution, and the 
absorption of X rays by, Oil. 

Hicks (Dr. H.) 07i the st7'uctnrc of a 
coral reef, 207. 

(Prof. W. M.) on tables of certain 

mathematical fnncliirns, 127. 

Hickson (Prof. S. J.) on the structure 
of a coral renf 297. 

071 the ocevpatio7i of a table at the 

Zoological Station at Naples, 363. 

on the gnesent state of our Tmo7c- 

ledge of the zoology of the Sandwich 
Islands, 3.) 8. 

Hill (R. T.) on the stratigraphical suc- 
cession in Jamaica, 612. 

Hill-Tout (C ^iman ethnological survey 
of Canada, 440. 

on Squaktktqunclt, or the benign- 
faced Cannes of the Ntlakapamuq, 
British Columbia, 788. 

* on the Indians of British Colum- 

bia, historical and philological notes 
701. 

Hilton-Price (F. G ) on an ethno- 
graphical sin'veg of the United King- 
dom, 452. 

Hind (Dr. Wheelton) o)i life-zones in the 
British Carhoiiiferous roclis, 290. 

lliNDE (Dr. G. J ) on life-zones hi the 
British Ca7'boniferous rochs, 296. 

Hitchcock (C. H.) on the southern lobe 
of the Laurentian ice-sheet, 653. 

Holmes (T V.) on the ivork of the 
Coi'i'c spending Soineties Committee, 
23. 

Hofkins (J. Castell) on the economic 
liistory of Cana<la, 741. 

Hopkinson (Dr J ) 07i yiractical electri- 
cal standards^ 200. 

(J ) 071 the work of the Cori’espond- 

ing Societies Committee, 23. 

on th-c application of photography 

to the elucidation of incteoTolog%cal 
phe7iomena, 128. 

on monthly and annual rainfall in 

the British Empire, 1877 to 1806, 564. 

Horne (J.) on the erratic blocks of the 
British Isles, 340. 

Howard (Dr. L. O ) on economic ento- 
mology in the Unitt'd States, 604. 

IIowarth (O. TI.) on earth strains and 
structures, 604. 

on Mexico Felix and Mexico De- 
sert a, 724. 

Howes (Prof. G. B.) on African Lake 
fauna, 368. 

Howortii (Sir Henry) on an ethno- 
qrajihical surrey of the United Kingdom, 
452. 

Hoyle (W. E ) on the oecvpatio7i of 
a iahU at the Zoological Station at 
Naples, 353. 

on zoological bibliography a7id publi- 
cation, 350, 
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Hrdlicka (Dr. A.) and W. C. Lumholtz 
on a case of trepanning in North- 
Western Mexico, 790 

Huber (Prof. G. Carl) on the com- 
parative physiology of the cells 
of the sympathetic nervous system, 
822 . 

and Mrs. Db Witt on the innerva- 
tion of motor tissues, with especial 
reference to nerve-endings in the 
sensory muscle-spindles, 810. 

Hudson Bay, sea-trout, caplin, and 
sturgeon from. Prof. E. E. Prince on, 
687. 

"Hughes (G. P.) on a particularly large 
set of antlers of the red deer ( Cervus 
claphns)^ 698. 

* on the evolution of the domestic 

races of cattle, with particular refer- 
ence to the history of the Durham 
short-horn, 698. 

Hull (Prof. E.) on the erratic Mockg of 
the Brituh Isles, 949 

(G. F.) on the use of the inter- 
ferometer in the study of electric 
waves, 574. 

'♦‘Human relics in the Drift of Ohio, 
Prof. E. W. Claypole on, 796. 

progress : why it is in leaps, G. 

lies on, 79G. 

Hummel (Prof J I ) on the action of 
light vpon dyed colours, 286. 

Humphreys (W. J.) on changes in the 
wave-frequencie.s of the lines of 
emission spectra of elements, 656. 

HilRTHLE (Prof. K.) on the resistance 
of vascular channels, 815. 

Hut-burial of the American aborigines, 

E. S. Hartland on the, 794. 

*Hybridity, Remarks by Prof. J. B. 

Farmer on, 868. 

Hydraulic Laboratory of McGill Univer- 
sity, Prof. H. T. Bovey and J. T. 
Farmer on the, 75 1 

♦Hydrogen in minerals, the occurrence 
of, M. W. Travers on, 610. 

Hydrographic survey, a Canadian and 
Imperial, Prof. A. Johnson on, 664 

Hydrography of the United States, 

F. H. Newell on the, 719. 

Hysteresis in iron, a new method of 

measuring, J. L. W. Gill on, 762. 


Ice sheet, the southern lobe of the 
Lauren tian, C. II. Hitchcock on, 653. 

Igneous magmas, differentiation in, as a 
result of progressive crystallisation, 
J. J. H. Teall on, 661. 

Iles (George) on human progress ; why 
it is in leaps, 796. 

♦Implement-making, the genesis of, F. 
H. Cushing on, 797. 

Index generum et speciernm animalinm^ 


Report on the compilation hy C. Davies 
Sherhorn of an, 367. 

India, forestry in, Lieut. -Col. F. Bailey 
on, 714. 

♦Indians of British Columbia, Historical 
and philological notes by C. Hill-Tout 
on the, 791. 

Indians, see * Kootenays,’ ‘*Seri,’ ‘Tre- 
panning,’ ‘ *Micmacs,’ ‘Blackfoot,’ 
‘ *Totem,’ ‘ Omaha,’ ‘ Squaktktquaclt.’ 

♦Induction, coefficient of mutual, of 
a circle and a co-axial helix. Prof. 
J. V. Jones on the calculation of the, 
675. 

Innervation of motor-tissues. Prof. G. Carl 
Huber and Mrs. de Witt on the, 810. 

♦Insect structure, a supposed new. Prof. 
L. C. Miall on, 695. 

♦Instinct, the natural history of. Prof. 
C. TJoyd Morgan on, 697. 

* the physiology of, Prof. C Lloyd 

Morgan on, 829. 

Interferometer, the use of the, in the 
study of electric waves, G. F. Hull on, 
674. 

Intestine, the absorption of scrum in 
the, Prof. E. Waymouth Reid on, 817. 

♦Intracellular structures and organs, new 
views on the significance of. Prof. A. B 
Macallum on, 826, 866. 

Intravenous injection of tluids containing 
choline, neurine, or allied tluids, tliiC 
effects upon blood-pressure produced 
by the, Dr. F. W. Mott and Prof. W. D. 
Halliburton on, 826. 

loni.sation, the d(‘termination of the state 
of, in dilute aqueous solutions contain- 
ing two electrolytes. Prof J. G. Mac- 
Gregor on, 581. 

♦Irish car and cart, the evolution of the, 
A. C. Haddon on, 795. 

Iron, a new method of measuring hys- 
terc.sis in, J. L. W. Gill on, 762 

, the variation with temperature ot 

the magnetic qualities of, a new mode 
of investigating, F. H. Pitcher on, 763 

, the distribution of, in animal and 

vegetable cells Prof A. R. IMacallurn 
on, 827. 

Isle of Man, Irish elk remains in the. 
Report on the, 346. 

Isomeric naphthalene derivatives. Tenth 
report on the investigation of, 292. 

Jacobi’s theory of the last multiplier, a 
kinematic representation of, J. Larmor 
on, 562. 

Jamaica, the strati graphical succession 
in, R. T. Hill on, 642. 

Jamieson (T. F.) on Cretaceous fossils 
found 7iear Moreseat, Aberdeenshire, 
333. 

Jeffrey (E. C.) on the morphology of 
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the central cylinder in vascular plants, 
869. 

Jeffrey (K. C.) on the gametophyte of 
Botryehium Virginia tium, 870. 

’^Jenkins (H. C.) on the behaviour of 
lead and of some lead compounds to- 
wards sulphur dioxide, 624. 

'*‘Jesup expedition to the North Pacific, 
Prof. F. W, Putnam on the, 795. 

Johnson (Prof. Alex.) on a Canadian 
and Imperial hydrographic survey, 554 

*■ (G.) on statistics of deaf-mutism 

in Canada, 739. 

JoNE8(rrof J. Viriamu) o njtr act ical elec- 
trical standards^ 206. 

on the calculation of the coefficient 

of mutual induction of a circle and a 
co-axial lielix, 575. 

a7id Prof. W. E. Ayrton on a de- 
termination of the ohm mmle in test hi g 
the Lorenz apparatus of the MeOill 
l/nirersity, Montreal, 212. 

(Prof. 'J\ Rupert) o7i the Phyllopoda 

of the Palaeozoic rocks, 343. 

Judd (Prof. J. W.) on the structure of a 
coral reef, 297. 

JtTDSON (AVinifred) and J. Wallace 
Walker on the reduction of bromic 
acid, and the law of mass action, 613 

J-EKES-PROWNE (A. J.) 0)1 Cretaeeous 
fossils fomxd, )iear Moreseat, Aherdeen- 
shire, 33.S, 337. 


Kafiristan and the Kafirs, Sir G. S. 
Robertson on the, 712, *796. 

*Kathodo rays, Prof. S. P. Thompson on 
new varieties of, 555. 

Kellogg (J. H.) on a dynamometric 
study of the strength of the several 
groups of muscles, and the relation of 
corresponding homologous grou 2 )s of 
muscles in man, 812. 

Keltie (J. Scott) 071 the 2 ^nsit)o/i of 
geography in the educatumal systetn of 
this country, 370. 

, Address to the Section of Geography 

by, 69'.>. 

Kelvin (Lord) on tahles of certain mathe- 
matical funcUois, 127. 

0 )X seismological ixivestigation, 129. 

on practical electrical standards, 
206. 

on the B. A. screw gauge, 426. 

on the fuel supply and the air 

supply of the earth, 553. 

Kendall (Prof. P. F.) on life-zones in 
the British Carhonifei'ous rocks, 296. 

on the erratxc blocks of the British 

Isles, 349. 

Kennedy (Prof. A. B. W.) oxi the cali- 
bration of instrnnients used xn engineer- 
iixg laboratories, 424. 


Kebmode (P. M. C.) on Pnsh elk remaim 
i)i the Isle of Man, 346. 

♦Ketones, the constitution of aliphatic, 
Prof. P. C. Freer on, 621. 

Kidston (R.) on life-zones in the British 
Carboniferous rocks, 296. 

on the collection of photographs of 

geological interest in the United King- 
dom, 298. 

Kirk (Sir John) on the climatology of 
Africa, 409. 

Kirkley (J. W.) on life-zones in the 
British Carbojiiferous rocks, 296. 

Kites, exploration of the air with kites, 
A. Jjawrence Rotcli on the, 569. 

for meteorological uses, C. F, Marvin 

on, 569. 

*Klotz (Otto j ) on south-eastern Alaska 
geography and the camera, 724. 

Knott (Prof. C. G.) on seismological 
investigation, 1 29. 

Knubley (Rev. E. P.) on maldixg a digest 
of the observations on the migration of 
birds, 362. 

Kohn (Dr. C. A.) on the electrolxjiic 
methods of quantitative analysis, 295. 

— on condensation products of alde- 

hydes and amides, 622. 

* on the electrolytic determination 

of copper and iron in oysters, 624. 

Kootenay Indian drawings, Dr. A. F. 
Chamberlain on, 792. 

Kootenaysand their Salishan neighbours, 
Dr. A. F. Chamberlain on the, 792. 

Kropotkin (Prince) on the Usar (eskers) 
of Finland, 648. 

on the direction of lines of structure 

in Eurasia, 722. 


*Lacustrine biological station, a proposed, 
Prof. R. Ramsay AVright on, 683. 

Laflamme (lilgr. J - C. K ) sur I’inliuence 
d’un eboulement Mir le r6gime d’une 
riviere, 658. 

Lake fauna, African, Beport on, 368. 

Lakes, the great, as a sensitive barometer, 
F. Napier Denise n on, 567. 

Lamplugh (G. A\^.) on life-zones in the 
British Carboniferous rocks, 296. 

on Irish elk remains in the Isle of 

Man, 346. 

Landslip, the influence of a, on the regime 
of a river, Mgr. J.- C. K. Laflamme on, 
658. 

Langley (Dr. J. N.) on the functional 
activity of nerve cells, 512. 

Lankester (Prof. E. Ray) on the occu- 
pation of a table at the Zoological Station 
at Naples, 353. 

071 African lake fauna, 368. 

071 investigations made at the Marine 

Biological Laboratory at Plymouth, 
370. 
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Lantern, tbe tricolour, for illustrating’ the 
physiology and psycliology of colour- 
vision, Dr, E W. Scripture on, 824. 
Lanza (Prof. Gaetano) on the strength 
of columns, 7o5. j 

Lapwoutii (Prof. C.) 0)1 ihr structure of , 
(I coral TC(f, 207. j 

Labmok (J ) on the influence of pressure ' 
on spectral lines, .5.55 j 

on a kinematic representation of ; 

Jacobi’s thcorv of the last multiplier, ■ 
502. ^ I 

Lateral line and ear in fishes, F. S. Lee 
on the, 811. 

Laurentian ice sheet, the southern lobe 
of the, C. H. Hitchcock on the, 053. 

bj'stem, till' structure and origin of 

certain rocks of the, Frank D. Adams 
on, 005. 

*Lead and of some lead compounds, the j 
behaviour of, towards sulphur dioxide, 
H. G. Jenkins on, 624. j 

Lebour (Prof. G. A.) o?i seis))}ologioal | 
inrcstvjofion, 129. 

on lifc-:o7ies in the JiritUh Carhoii' i 

iferom rochs, 296. I 

Lee (Frederic 8 ) on the car, and the 1 
lateral line in fishes, 811. | 

Lehmann (A ) on the formation of a ; 
benzene-nng by reduction of a 1:0 ' 
diketon, 621. j 

TAfC'Zonps in the British Carbomferom . 

roclis^ lie port on, 296. 

Lif/ht, the action of, vpon dyed colours. 
Report on, 280. 

*Lil(ea, notes by Prof. Campbell on, 

866 . 

TAnguistio and anthropological character- 
i.sties of the North Bravidian and 
Kolarmn races, Beport on the, 427. 
Lithium and other salts, notes on con- 
centrated solutions of, by J. Waddell, 
613. 

Liveing (Prof. G. D.) on ivare-lengtli 
tables of the spectra of the elements and 
compounds, 75. 

Lloyd (F. Seymour) and Dr. A. D. 
Waller o)i histological clia^iges 2 n mc~ 
dullated nerve fibre after treatment with 
the vapours of ether and chloroform, 
and with carboiiic acid gas, 520. 
♦Lloyd-Mobgan (Prof. C.) on the natu- 
ral history of instinct, 697. 

— on the physiology of instinct, 829. 
Locky'ER (8ir J. N.) on waredength tables 
of the spectra of the elements and com- 
pounds, 75. 

Lodge (Prof. A.) on tables of certain 
mathematical functions, 127. ’ 

(Dr. O. J.) 071 practical electrical 

standards, 200. 

* on Zeeman’s discovery of the 

effects of magnetism on spectral lines, 
588. 


*Loeb (Prof. Jaques) on elect rostatical 
experiments on nerve siinul.iting the 
effects of electric rays, 821. 

Lomas (J.) on the erratic bloehs of the 
British Isles, 349. 

’^Lombard (Prof. W. P.) on a cheap 
chronograph, 823. 

* on the effect of frequency of ex- 

citations on the contractility of 
muscle, 812. 

Lowe (E. J.) on the insemination of 
ferns, and specially on the production 
of an athyrioid AspUniuni Trieho- 
mancs, 806. 

on more than one plant from the 
same prothallus, 867. 

Lowell (Poicival) on the atmosphere in 
its effects on astronomical research, 5 85. 
Lubbock (8ir John) on the teaching of 
science in elemcntarij schools, 287. 
Lumholtz (W. Carl) and Dr. A. IIrd- 
LICKA on a case of trepanning in 
North-Western Mexico, 790. 

•*LL'Msden (C. E ) on the unification of 
time at sea, 720. 

Lusk (Prof. Graham) on the gastric in- 
version of cane-sugar by hydrochloric 
acid, 821. 

Macaltster (Prof. A.) on anthropo- 
metric measurements in schools, 451. 

* on the cause of bradiycei)haly, 

790. 

* on the brains of some Australian 

natives, 790. 

*Macallum (Prof. A. B.) on new views 
on the significance of intracellular 
structures and organs, 826. 

* on the distribution of iron in 

animal and vegetable cells, 827. 

* on the origin and significance of 

intracellular structures, 866. 

* on Cyanoi)hyce:e, 873 

(W. G.) on the hceraatazoon infec- 
tions in birds, 697. 

*MoDakin (Capt. S G ) on the Report of 
the Coast Erosion Committee of the 
East Kent and Dover Natural History 
Societies, 058. 

^Macdonald (J. R ) on economic as- 
pccts of the Workmen’s Compensation 
Bill, 740. 

McDougall (J. L ) on public finance, 
chiefly in relation to Canada, 742. 
Macparlane (Alex ) on the solution of 
the cubic eiiuation, 500. 

*McGee (Dr. W. J.) on some cases of 
trepanning in early American skulls, 
790. 

* on the Seri Indians of the Gulf of 

California, 791. 

McGill University, the hydraulic Labora- 
tory of, Prof. H. T. Bovey and J. T. 
Farmer on, 754. 
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MacGuk(4or (Prof. .1. G.) on tlie deter- 
mination of the Elate of ionisation in 
dilute a(|ueous solutions containing 
two electrolytes, o&l. 

MGntosh (Prof. W. C.) on the occupa- 
tion of a, table at the Zooloyteal Station 
at NapJea, iloll. 

^Mackay (F W G ) on internal absorp- 
tion of luemoglobin and ferratin, 828. 

*Mc1vAY (J. W.) on a rock inscription 
on Great Central Lake, Vancouver 
Island, 79:i 

AIcKendkiok (Prof. J. G.) on the func- 
tional actirity of nerve cellsy 512. 

- ^-^on pliyuoloyieal apjilieatiom of the 
phonograph, 52(5. 

(J. S ) on phyaioLogical applications 
of the phonography 52(5. 

Mackenzie (J. J.) on investigations in 
the micro-clieinistry of nerve cells, 822. 

.Mackinder (II J ) on the posttam of 
geography in the edueatlonal system of 
the country y 570. 

MacLaciilan (U.) on the compilation of 
an index gentrum ei speeieruni anima- 
Ituniy 3(57. 

McLaren (LokI) on meteorological ob- 
servations on Ben JVeriSy 219. 

IMaclean (Kcv. John) on lUackfoot 
womanhood, 793. 

on an ethnological Survey of Canada, 

110 . 

McLean (J A.) on crown revenues in 
Lower Canada (17(53-1817), 742 

Macmahon (Prof. P. A ) on tables of 
certain mathematical Junctions, 127. 

* on the mulliparlit<‘ partitions of 

numbers which possess .symmetrical 
graphs in tlireo dimensions, 5(52. 

•^McMurrick (Prof. j. P.) on some points 
in the symmetry of Actiinaiis, 097. 

*l\lACriiAiL (A.) on tlie etfect of tem- 
perature in varying the resistance to 
impact, the hardness, and the tensile 
strength of metals, 7(57, 

"Magnet watch integiator, observations 
at Toioiito with, Pjof. F. 11. Bigelow 
on, 58(5. 

Magnetic field, the terrestrial, the cause 
of the semi-annual inversions of the 
type solar curve in, Prof. F. 11. Bigelow 
on, 585. 

pc;riodicity as connected with solar 

pliysics, A. Harvey on, 587. 

. - qualities of iron, the variation 
with temperature of the, a new mode 
of investigating the, F. II. Pitcher, 7(53. 

substances, the susceptibility of dia- 
magnetic and Ycakly, A. P, Wills on, 
580^. 

Magnetisation, changes in length pro- 
duced in iron wires by, the effect of 
tension and quality of the metal upon, 
B. B. Brackett on, 686. 


j Magnetism. A new metliod of measuring 
j hysteresis in iron, J.L W. Gill on, 7(52. 

Magnetites, niekeliferous, W. G. Miller 
on some, 660. 

Ma( (NX’S (8ir P.) on the teaching of science 
in elementary schools, 287. 

(Prof. P) on the growth of the 

I mycelium of Aecidhim. graveolens on 
{ the branches of the Witches’ broom- 
j on lierberis vnlyaris, 850, 
i Maine, the coastal Prof. W^ 

{ IMorris Davis on, 719. 

I ’“Mallory (F.) and C D. Waidner on 
a comparison of Howland’s mercury 
thermometer with a Grilliths’platinunb 
thermometer, 5(50. 

I Mammalia, the origin of the, Prof. H. F. 
j Osborn on, (586. 

. Tertiary, skeletons and restorations 

, of, Prof. H. F, Osborn on, 684. 

1 JMammalian heart, the output of the, 

I Dr. G N. Stewart on, 813. 

Obseivations on the, by W. T. 

Portei, 814 

I rhythmical \ ariations in the strength 

' of the contractions of the, A. 11, 
Cushnv on, 81(5. 

INIann (Dr.) on the functmial activity of 
nerve cells, 512. 

Marr (J. E.) on life-zones in the British 
('arboniferous roehs, 29(5. 

Marshall ( Dr. Hugh) on the electrolytic 
methods of quantitative analysts, 295. 

I on a new form of Bunsen burner, 623. 

j * (W. B.) on roller bearings, 766. 

I Martens (Prof. A.) on the calibration of 
'insfruments used in enyinecriny labora- 
tories, 424. 

Marvin (C. F.) on kites for meteoro- 
logical uses, 569. 

Mass action, the law of, and the reduc- 
tion of bromic acid, J. Wallace Walkei 
and Winifred Judson on, 613, 

Mathematical functions, Interim, report 
on tables of certain, 127. 

i and Physical Science, Address by 

I Prof. A. K. Forsyth to the Section of, 

I 541. 

J ’^Mather (J.) and Prof. W E. Ayrton 
on the use of a constant total current 
shunt with ballistic galvanometers, 588. 

on the sensibility of galvano- 

meler.s, 588. 

* on short u long galvanometers 

for very sensitive zero tests, 588. 

Matthew (G. F.) on some charactiu-- 
j istic genera of the Cambiian, 657. 
j “^Mayor (Prof. J ), Some economic notes 
' on gold mining in Canada by, 7 46. 

I Mechanical Science, Address by G. F. 

Deacon to the Section of, 747. 

' JMeldoi.A (Prof. 11.) on the work of 
i the Cor rf‘sj)o tiding Societies CommittrCf 
\ 23. 
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:NTbldola (Prof. R.) o)i the appUcation 
of photography to the elucidation of 
meteorological phenomena, 128. 

on scismological investigation, 129. 

oji the action of light upon dyed 

colours, 286. 

o?i an ethnographical survey of the 

United Kingdom, 4.52. 

on the rationale of chemical syn- 

tlicsis, 826, 866. 

Mbndenhalb (T. C.) on the geographic 
work of the United States Coast and 
Geodetic Survey, 719. 

Mental and physical defects of children 
in schools, Itejnrrt on the, 427. 

* physical reactions, an experi- 

mental analysis of certain correlations 
of, Prof. Lightner Witmer on, 791. 

Mercury and ozone, Note on a compound 
of, by E C. C. Baly, 61.3. 

I\lESLANS (Prof. E ) Demonstration of 
the preparation and properties of fluo- 
rine by, 611. 

•‘‘Metals, the effect of temperature in 
varying the resistance to impact, the 
hardness, and the tensile strength of 
metals. A Macphail on, 767. 

* molecular movement in. Prof. W. C. 

Roberts-Austen on, 623. 

Meteorites, solid and g(3latinous. Dr. 
Otto Halm on, 569. 

Meteorological observations on Ben Kens, 
liegmrt on, 219. 

phenomena, the application of photo ‘ 

graphy to the elucidation of. Seventh 
report on, 1 28. 

Meteorology, kites for investigations in, 
A. Lawrence Rotch on, 569. 

C. F. Marvin on, 5(59. 

'•‘Meteors, November, and November flood 
traditions, R. G. Halibuiton on, 569. 

’“Methylene, the chemistry of. Prof. J. U. 
Nef on, 621. 

Metropolis, tlie evolution of the, and 
problems in metropolitan government 
in New York, W. H. Hale on, 743. 

Mexico Felix and Mexico Deserta, O. H. 
Howarth on, 721. 

Mexico, north-western, a case of trepan- 
ning in, W. C. Lumholtz and Dr. A. 
Hrdlicka, 790. 

Miall (Prof. L. C.) oil the erratic hlochs 
of the British Isles, 349. 

, Address to the Section of Zoology 

by, 667. 

* on a supposed new insect struc- 

ture, 695. 

•“Miciielson (Prof. A. A.) and S. W. 
Stratton on new harmonic analyses, 
562. 

’“Micmacs of Nova Scotia, star-lore of 
the, Stansbury Ilagar on, 789. 

Micro- chemistry of nerve cells, investiga- 
tions in the, J. J. Mackenzie on, 822. 


Migration of birds. Interim report of the 
Committee for malting a digest of the 
observations on the, 362. 

Mill (Dr. H. li.') on the position of geo- 
graphy in the educational system of the 
country, 370. 

on the climatology of Africa, 409. 

on a scheme of geographical classi- 
fication, 715. 

on geographical pictures, 725. 

Miller (W. G.) on some nickcliferous 
magnetites, (560. 

* (Dr. W. L.) and T. R. Rosebrouoii 

on the vapour tensions of liquid mix- 
tures, 624. 

i Mills (Prof. Wesley) on the functional 
development of the cerebral cortex in 
different groiips of animals, 828. 

on the psychic development of 
young animals and its sornal ic corre- 
lation, with special reference to the 
brain, 829. 

Milne (Prof. J.) on susmoloyical investi- 
gation, 129. 

on certain submarine geological 

changes, 716. 

]\Iimicry, protective, as evidence for the 
validity of the theory of Natural 
Selection, Prof. E. B. Poult on on, 692. 

theories of, as ilhistiatcd by African 

buttei flies, Prof. E. B. Poulton on, 
689. 

Minerals in Nova Scotia, the geological 
horizons of some, Dr E. Gilpin on, 6(53. 

*Minot (Prof. C. S.) on the origin of 
I vertebrata, 683. 

I '‘‘Mississippi, the geographical develo])- 
I ment of the Lower, E. L Corthill on, 
i 723. 

! *Moissan (Prof. H.) and Prof. J. Dewar 
on the properties of liquid fluoi ine, 611 . 
j ‘‘‘Molccuhir movements in metals, Plot. 

1 W. C. Roberts-Austen on, 623 
! Monopoly (in tobacco), a consideration 
of an European, as a contribution to 
the theory of state industries, by Dr. 
S. M. Wickett, 738. 

Monro (J.) on the Soulanges Canal, a 
typical link of the 14-foot inland navi- 
gation of Canada between Lake Eiie 
and Montreal, 75 L 

•“Montreal electric tramway system, G. ( '. 
Cunningliam on tlie, 761 

Moore (W. H.) on the history of trade 
combination in Canada, 7;i7. 

(Prof. Willis L.) on the United 

States daily weather survey, 721. 

Moreseat, Aberdeenshire, the age and, 
relation of rocks near. Report on, 333. 
Appendix : 

On the fossils found oiear Morseat, by 
A. J. Julies- Browne, 337. 

Morgan (E. Delmar) on Novaia Zemlia 
and its physical geography, 712. 
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Morton (G. H.) on Uf e-zone^ hi the 
British Carhonif crons rocks^ 29G. 

Mott (F. W.) and Prof. W. D. Halli- 
burton, on the effects upon blood-pres- 
sure produced by the intravenous in- 
jection of fluids containing* choline, 
ncurine, or allied products, 82G. 

’’‘Mount Lefroy and Mount Aberdeen, tlie 
first ascent of. Prof. 11. B. Dixon on, 
724. 

’’'Movement produced by the electric cur- 
rent, I’rof. F. Braun on a, 8110. 

IVri'iRHUAD (Dr. A) on practical elec- 
trical standards, 20G. 

tMuNRo (Dr. R.) on the lahe village of 
(rlastonhurrj, 78!>. 

Mr UR AY (George) on the zoology and 
hotany of the West India Tsla7ids,\W.). 

- (Prof. G. G.) on physiological appli- 
cations of the phonography .52(5. 

(Dr. John) on meteorological ohscr- 

r at ions on lien Nevis, 219 

-- on the structure of a coral reef, 297. 

on the necessity for the immediate 

investigation of the biology of oceanic 
islands, 852. 

on African lahe fauna, .‘IGS 

’’‘Mu.sole, the action of arnesthetics on 
cardiac, Miss Welby on, 822. 

-1 — the effect of frequency of excita- 
tion on the contractility of, Prof. W, 
P. Lombard on, 812. 

Mu.scle-spindles, nerve endings in the 
sensory, Prof G. Carl Hubei and Mrs. 
De Witt on, 810. 

* in pathological condition'-. O F. 

F Griinbaum on the, 811. 

^luscles, the rhythm of smooth, Prof. H. 
P. Bowditch on, 809. 

— a dynamometric stud}* of the 
strength of the sevcial groups of, 
and the relation of jliomologons groups 
of muscles in man. Dr. J. H. Kellogg 
on, 812. 

^Muscular contraction, inhibition as a 
factor in, Prof. 0. S. Sherrington on, 
830. 

Museums in Canada and Nenfo midland, 
Ileport on the principal, by Dr. H. M. 
Ami, 62. 

Myres (J. L.) on the linguistic and 
anthropological characteristics of the 
North Drax'idian and Kolarian races, 
427. 

on the Silchestcr excavation, 511. 

* - on a journey in Tripoli, 722. 


Naphthalene derivatives, Tenth report on 
the investigation of isomeric, 292. 
*Naples Marine Station and its work, Dr. 
Anton Dohrn on the, G88. 

Zoological Station at. Deport on the 

ocenpation of a tabic at, 358. 


National policy and international trade, 
Edwin Cannan on, 741. 

Natural Selection, protective mimicry as 
evidence for the validity of the theory 
of, Prof. E. B. Poulton on, 692 

Nebraska, the distribution of native trees 
of. Prof. C. E Bessey on, 8G2. 

*Nef (Prof. J. U.) on the chemistry of 
methylene, (521. 

Nerve-cells, the functional activity of. 
Report on, .512. 

Appendix : 

I. On the oriqin, course, and cell-con- 
nections of the nsaero-motor nerves 
of the small intestine, by J. L. Bunch, 
k.D., B.S\, 518. 

II. Electromotive changes in the spinal 
cord andr nerve roots during activity, 
by Prof. Francis (,'otch, FIt.S., and 
a J. Burch, M.A., 514. 

III. The aativitii of the nervous centres 
which correlate antagonistic muscles 
in the limbs, by Prof. C. S. Sherring- 
ton, M.D., F.B.S, 516. 

IV. On the action of reagents upon 
isolated nerve, by A. D. Waller, M.T) , 
F.B,.S., and S. C, M. Sowton, 518. 

V. Histological changes in medullated 
nerve after treatment with the vapours 
of ether and chloroform, and with 
CO,, by A I). Waller, M.D., F.R S., 
and F. Seymour Lloyd, 520. 

VI. An investigation of the changes in 
nerve-cells in various pathological 
conditions, bg W. B. Warrington, 
M.D.,MJLC.P., 525. 

Nerve-cells, investigations in the micro- 
chemistry of, J. J. Mackenzie on, 822. 

centres, the non-responsive period 

in. Prof. C. Ricliet on, 82.8 

* clcctrostatical experiments on, 

simulating the effects of electric rays, 
Prof .Tacques Loeb on, 821. 

the vagus, the comparative physi- 
ology of the cardiac branches of the. 
Dr. W. II. Gaskell on, 816. 

endings in the sensory muscle- 

spindles, Prof G. Carl Huber and Mrs. 
De Witt on, 810. 

Nervous system, the sympathetic, the 
comparative physiology of the cells of, 
Prof. G. Carl Huber on, 822. 

New York, the evolution of the Metro- 
polis and problems in metropolitan 
government in, W. H. Hale on, 74.3. 

New York, Western, the glacial geology 
of, H. Leroy Fairchild on, 664. 

♦New Zealand, physical characteristics of 
European colonists born in, Dr. II. O. 
Forbes on the, 791. 

Newisll (F. H.) on the hydrography of 
the United States, 719. 

Newton (Prof. A.) on the necessity for 
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the immediate investigation of the hio- 
logij of oceanic islands, 352. 

Mewton (Prof. A.) on the present state of 
our hwn'Iedge of the zoology of the 
Sandwich Islands^ 3oS. 

__ on making a digest of the ohserva^ 
lions on the migration of Inrds^ 362. 

on our knowledge of the zoology and 

hot any of the West India Islands, 3(i0. 
Niagara Falls and the Great Lakes, the 
Chaniplain submergence and uplift 
and their relation to, F*. 13 Taylor on, 
662. 

* and Gorge, Remark.s introductory 

to the excursion to, by G. K. Gilbert, 
653. 

Niciioi.SON (Prof. IT. A.) on life-zones in 
the British Carboniferous rocks, 206. 
Nickel and cobalt, the atomic wciglit.^ 
of, Prof. T. W. Richards, A S. (hish- 
man, and G. P. Baxter on, 600 
Nickcliferous magnetites, W. G. Miller 
on some, 660 

Nicoison (Prof. J. T.), Prof. II. L. Cal- 
LENDATi on a new apparatus for 
studging the rate of condensation of 
steam on a metal surface at different 
temperatures and pressures, 418, 750 
and F. D. A DAMS on some experi- 
ments on the flow of rocks, 642, 

•\ North- We stern Tribes of the Dominion 
of Canada, Tieelfth report on the, 791. 
Nova Scotia, some typical sections in 
South-western, L W. Bailey on, 640. 

minerals, the geological horizons of 

some. Dr E, Gilpin on, 663 
Novaia Zemlia and its physical geo- 
graphy, E. Delmar Morgan on, 712. 
Nucleus of the yeast plant, Harold Wager 
on the, 860. 

Oceanic islands, Deport on the necessity 
for the immediate investigation of the 
biology of, 362. 

tOmaha ritual, the scalp-lock as a study 
of. Miss A. C. Fletcher on, 788. 

t , the import of the totem among 

the, Miss A. C. Fletcher on, 788. 
Orographical lines of structure in Eura- 
sia, Prince Kropotkin on, 722. 

Osborn (Prof. H. F.) on reconstruction 
and model of Phenacodus primeevus, 
Cope, 684. 

on skeletons and restorations of 

Tertiary mammalia, 681. 

on the origin of the mammalia, 686. 

Oyster, li fe conditions of the, normal and 
abnormal. Second report on the, 363. 
*Oysters, the electrolytic determination 
of copper and iron in. Dr. C. A. Kohn 
on, 621. 

*Pain, the nature and physical basis of 
pain, Prof. L. Witmer on, 829. 


Paheozoic formations in North-eastern 
America, some new or little known, 
H. M. Ami on, 667. 

geography of the Eastern States f)l 

I America, E. W. Claypole on the, 6t)5. 
j Panton (Prof. J. Hoyes) on the appear- 
I ance of the army worm ( Lencania nm- 
1 puncta') in the Province of Ontarie 
j during 1896, 6‘.)5 

I *Partitions of nuiiibeis, the multipar- 
j tite, which possess symmetrical graphs 
in three dimensions, Major 1\ A. 

; MacMahon on, 5^2 
! Pasciien (F.) and C. Runge on the 
I spectra of oxygen, sulphur, and sele- 
nium, 555. 

Paton (Dr. D. Noel) on the phosphoius 
metabolism of the salmon in fresh 
' water, 820. 

I Patterson (Rev. Dr G.) on an cthno- 
I logical survey of Cariada, 440. 

(J. A.) on the unilieauon of time, 

5.50. 

Peabody (Prof. Cecil IT,), tests on the 
• triple-expansion engine at Massjichu- 
setts Institute of Technology, 759. 
Peach (B. N ')on life zones in the Jin fish 
Carboniferous rocks, 296 
Pectoral member of terrestrial vcrtc- 
hrata, the derivation of tlie, Pro! 
i Theodore Gill on. 097 
! Peek (Cuthbert E.) on the work of the 
I Corresponding Societies Committee, 23. 

I Penck (Prof A) on the glacial forma- 
I tions of the Alps, 617. 

I on potamology as a branch of 

j physical geograpliy, 723 

I on geograpliical wall-pictures, 725 

I Pbnhallow (Prof D. P ) on an ethno- 
1 logical survey of Canada, 440. 

1 on the species of Vicca, occurring 

ill north-east II S.A , and Canada, 8t)2. 

' Peptone and its precursors, the pihgslo- 
’ logical effects of , when introduced i n to 
I the circulation. Interim report on, 

I 531. 

i Perkin (Dr, W PT.) on the action of light 
' upon dyed colours, 286. 

I Perry (Prof. John) on seismoloylcal i/i- 
restigaiion, 129. 

on praetical electrical standards, 

206. 

Pertz (Dorothea F. M )on IHeurococcm, 
864. 

i Plueophycecr, fertilisation in, Inter! i/i 
report on, 537. 

; Phenacodus primeerus. Cope, recon- 
i .struction and model of, Prof. H. F. 

' Osborn on, 684 

I *Philippine Isles, the Mangyans and 
I Tagbanuasof the. Prof. D C. Worcester 
j on, 796. 

, PiiiELiPS (Prof. R, W.) on fertilisation 
> i?i PhaophycecT, 537. 
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Phonography Final report on physio^ 
logical applications of the , 526. 

Phosphorus metabolism of the salmon in 
fresh water, Dr. Noel Paton on the» 820. 

♦Photographic plate, the action exerted 
by certain metals on a, Dr. W. J. 
Russell on, 612. I 

Photographs of geological interest in the | 
United Kingdom^ Eighth report on the | 
collect ion y presorvatw ligand systeniatiG 
registration ofy 298. 

Photography, the application of to the 
elucidation of meteorologioal pheno- 
mena, Sixth report on, 128. 

Phyllopoda of the PaUcozoic rochs. 
Thirteenth report on the, 319. 

Physical and Mathematical 8!ciencc, Ad- 
dres.s by Prof. A. R. Forsyth to the 
Section of, 541. 

♦Physiological apparatus, Description 
by Prof. Anderson Stuart of some 
pieces of, 820. 

Physiology, Address by Prof. M. Foster 
to the Section of, 708 

Picea in north-cast U S A., and Canada, 
the species of. Prof. 1). P. Penhallow 
on, 862. 

Pike, a new and undesciibod species of, 

Prof E E. Prince on, 688. 

Pjtt-Rivkrs (Cen ) on an ethnograph- 
ical surcei/ of the United Kingdom, 
t:>2. 

Plankton collected continuously during 
a traverse of the Atlantic, in August, 
1897, Prof. W. Herd man on the, 695. 

♦ of the North Atlantic, the surface, 

W. Garstang on, 691. 

Plant formations, the zonal constitution 
and disposition of, F. E. Clements on, 

863. 

more tliaii one, from the same 

prothallus, E. J. Lowe on, 867. 

Plants for exhibition, preservation of, 
Iteport 071 the, 537. 

the action of Routgen rays on, 

G. F. Atkinson on, 873. 

- shrubs and trees, experiments in 
the cross-fertilismg of. Dr. \V. 
Saunders on, 867. 

vascular, the niorpholoL^y of the 

central cylinder in, E. C. Jelfiey on, 
8G9. 

Pleistocene ice-sheets of Northern United 
States, the distribution and succession 
of, Prof. T, C', Chamberlin on, 617. 

Pleiirococciis, Dorothea F. M. Portz on, 

864. 

Pig mouth, Iteport on the occupation of a 
tabic at the Marine Biological Labora- 
tory, 370. 

Pouter (VV. T.), Observations on the 
mammalian heart, by, 814. 

Potaraology as a branch of physical 
geography, Prof. A. Penck on, 723. 


Potential differences and currents, an 
instrument for recording rapidly vary- 
ing, W. Duddell on, 575. 

Potter (Prof. M. C.) on the preservation 
of plants for exhibition, 537. 

POULTOX (Prof. Edward B.) on the worh 
of the Corresponding Societies Com- 
mittee, 23. 

on theoiies of mimicry as illus- 
trated by African butterflies, 689. 

on protective mimicry as evidence 

for the \alidity of the theory of 
Natuial Selection, 692. 

Pound (Roscoe)and F. E. Clements on 
the vegetation regions of the Prairie 
jirovince, 863. 

PoYNTJNG (Prof. J, H.) on scisnwlogical 
inrestigatwn, 129. 

, Praiue province, the vegetation regions 
. of tlie, Roscoe J*ound and F. E. 

I Clements on, 863. 

j Precnrbonif(u*ons coals, analyses of some, 

1 Prof. W. Hodgson Ellis on, <‘>20 
' PllEECE (W. H.) on practical electrical 
standards, 206. 

on the B A. seven' gauge, 126. 

- Prc-glacial decay ot locks in eastern 
Canada, Robert Chalmers on, 655. 

' Prentice (Manning) on the carbo- 
I hydrates of cereal st ran' s, 294. 

I Presidential Address at Toronto hg Sir 
i John Evans, 3. 

1 Pressure, the influence of, on spectral 
j lines, J. Lnrinoi on, 555. 

Price (Prof. P>.) on tables of certain 
math e mat leal f u n et ions, 127. 

( VV. A.)c/i the B A sere tv gauge, 126 

Prince (Prof E. E.) on sea-trout, cap- 
lin, and sturgeon from Hudson Bay, 
687. 

on tlie Ksocidm (or Luciidm) of 

Canada, 688. 

Profit-sharing, recent aspects of, Prof. 
N. P. Gilman on, 738. 

Prothallus, more than one plant from 
the same, E. J. Lowe on, 867. 

Psychic development of young animals 
and its somatic correlation, wiih 
special refenoice to the brain, Prof. 
VVesley Mills on, 829. 

I Publication, zoological, and Inbhography, 
Report on, 359. 

Pugef Sound, Drift phenomena of, and 
their interpi etation, B.iyley Wilhs 
on, 653. 

♦Putnam (Ihof. F. W.) on the Jesup 
expedition to the North Pacific, 795. 

* on the Trenton Gravels, 796. 

Pyrometer, a platinum resistance, a re- 
I search in therrno-clectricity by means 
of, II. 1\I. Tory on, 588. 

Quantitatn'c analysis, the electrolytic 
methods of. Report on, 295. 
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Quebec geology, problems in, R. W. 
Ells on, 640. 


♦Railway rates, the theory of, W. M. 
Ack worth on, 746, 

Rainfall in the British Empire, 1877 to 
1896, monthly and annual, J. Hopkin- 
son on the, 664 

Ramsay (Prof. W.), Address to the Sec- 
tion of Chemistry by, 593. 

♦ on helium, 608. 

♦ Demonstration of the spectra of 

helium and argon by, 611 

and Morbis W. Travers on the 

refractivity of certain mixtures of 
gases, 687. 

♦ Bans FORD (R.) on some experiments 

with chlorine, 627. 

^B.nmirKnilnx, the life-history of. Prof. 
Coulter on, 862. 

♦Rare earth metals. Contributions to the 
chemistry of the, by Prof. B. Braunor, 
608. 

Ravenstein (E. G.) on the position of 
geogTaphy in the educational system of 
the countri/y 370. 

071 the climatology of Africa, 409. 

on an ethiwgrapldcal survey of the 

Zfnited Kingdmn, 462. 

on the Congo and the Cape of Good 

Hope, 1482 to 1488, 717. 

RAWSON (Sir llawson) on the ivorh of the 
Corresponding Societies Committee, 23, 

Rayleigh (Lord) on tables of certain 
mathematical fimctions, 127. 

on practical electrical standards, 

206. 

Raynbird (Hugh),junr., onthe linguistic 
and aiitlii'opol ogival characteristics of 
the North Draridian and Kolarian 
races, 427. 

♦Recapitulation in development, as il- 
lustrated by the life histoiy of the 
masked crab (^Corystes^, W. Garstang 
on, 696. 

Refractivity of certain mixtures of gases. 
Prof. W, Ramsay and Morris W. 
Travers on, 587. 

Reid (A. S.) on the collection of photo- 
graphs of geological interest in the 
United Kiiujdom, 298. 

(Clement) on the Selangor caves, 

Singapore, 342. 

(Prof. E. \Vaymoutli) on the ab- 
sorption of scrum in the intestine, 
817. 

Rennie (J.) on practical electrical 
standards, 206. 

Revenues in Lower Canada (1763-1847), 
Crown, J. A. McLean on, 742. 

Reynolds (Prof. .T. Emerson) on the 
electrolytic methods of quantitative 
analysis, 295. 


Rhodesia, economic geography of, F. C, 
Selous on the, 721, 

Rhythm of smooth muscles, Prof. H. P. 

Bowditch on the, 809. 

Rhythmical variations in the strength of 
the contractions of the mammalian 
heart, A. R. Cushny on, 816. 

Richards (Prof. T. W.), A. S. Cushman, 
and G, P. BAXTER on the atomic 
weights of nickel and cobalt, 609. 
Richet (Prof. Dr. C.) sur la periode 
refractaire dans les centres nerveux, 
823. 

♦RicivS (G, W. D.) on some tests on the 
variation of the constants of electricity 
supply meters with temperature and 
cuircnts, 766. 

Ridley (H. N.) on the Selangor caves, 
Singapore, 342. 

Rieinann, the historical development of 
Abelian functions up to the time of 
Ih\ Hams Hancocli on, 246. 

Rigg (E.) an the IS. A. screiv gauge, 
426. 

•Rijckbvorsel (Dr. van) on the tempera- 
ture of Europe, 660. 

Rivers, the .study of, as a branch of 
physical geography, Prof. A. Penck on, 
723. 

Riviere, rinlluence d’un eboulement sur 
le regime d’lme, Mgr. J.-C. K. La- 
llanime sur, 668, 

Roberts (Dr. I.) on set sinological investi- 
gation, 129. 

♦Roberts-Austen (Prof. W. C.) on 
I molecular movements in metals, 623. 
j Robertson (Sir George Scott) on Kafir- 
istan and the Kalirs, 712, ^796. 

♦Rock inscription on Great Central Lake, 
Vancouver Island, J. VV. McKay on a, 
793. 

Rocks, the flow of, some experiments on 
the, J. T. Nicolson and F. D. Adams 
on, 642. 

♦Roller bearings, W. B. Marshall on, 766. 
Rontgen rays, the permeability of ele- 
ments of low atomic weights to the, 
J. Waddell on, 611. 

the action of, on plants, G. F. ' 

I Atkinson on, 873. 

' Rosa (Prof. E. B.) on an electric curve 
j tracer, 571. 

j and Prof. W. O, Atwater on an 

I apparatus for verifying the law of 
conservation of energy in tlie human 
body, 583. 

Roscoe (Sir H. E.) on wave-length tables 
of the spectra of the elements and com- 
pounds, 76. 

on the teaching of science in ele- 
mentary schools, 287. 

Rose (Dr. T. K.) on the cause of loss 
incurred in roasting gold ores contain- 
ing tellurium, 623. 
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Rosbbbough (T. R.) and Dr. W. L. 
Miller on the vapour tensions of 
liquid mixtures, G24. 

Rotch (A. Lawrence) on progress of the 
exploration of the air with kites at 
Blue Hill Observatory, 5(59. 

♦Rotliamsted, diagrams illustrating the 
result of 50 years’ experimenting on 
the growth of wheat at, Dr. H. E. 
Armstrong on, 8G5. 

Rowland’s value of the mechanical 
equivalent of heat, a reduction of, to 
the Paris hydrogen scale, W. S, Day 
on, 559. 

RPckbr (Prof. A. W.) on practical elec‘ 
trical standards.^ 206. 

, R. Forsyth, and R. Sowter on a 

photographic record of objective com- 
bination tones, 551. 

Bunge (C.) and P. Paschen on the 
spectra of oxygen, sulphur, and sele- 
nium, 555. 

Russell (Dr. W. J.) on the action of 
light upon dyed colours, 28G. 

* on the action exerted by certain 

metals on a photographic plate, 612. 


Salishan and the Kootonays, Dr, A. F. 
Chamberlain on the, 792. 

Salmon, the phosphorus metabolism of 
the, in fresh water, Dr. Noel Baton on, 
820. 

Salvin (0.) on the zoology of the Sand- 
wich Islands, 358. 

Sanderson (Prof. Burdon) on the func- 
tional activity of nerve-cells, 512. 

Sand?vich Islands, the zoology of the. 
Seventh report on, 358. 

Saunders (Dr. Wm.) on experiments in 
the cross-fertilising of plants, shrubs, 
and trees, 8G7. 

Savage (Rev, E. B.) on Irish elk re- 
mains in the Isle of Man, 346. 

ScADDiNG (Rev. Dr.) on an ethnological 
survey of Canada, 441. 

fScal])-lock : a study of Omaha ritual, 
Miss A. C. Fletcher on the, 788. 

Scar-face, the Blackfoot legend of, R. N 
Wilson on, 788. 

Schafer (Prof. E. A.) on the functional 
activity of nerve-cells, 512. 

on the physiological effects of pep- 
tone and its preevn-sors when introduced 
into the circulation, 631. 

Schools, anthropometric measurements in. 
Report on, 451. 

, the physical and mental defects of 

children in. Report on, 427. 

, scientific geography for, R. E. 

Dodge on, 714. 

Schuster (Prof. A.) on wave-length 
tables of the spectra of the elements 
and compounds, 75. 

1897. 


Schuster (Prof. A ) on practical elec- 
trical standards, 206. 

on the constitution of the electric 

spark, 657. 

Science, the teaching of, in elementary 
schools. Report on, 287. 

ScLATBR (Dr. P. L.) on the preserit state 
of our knowledge of the zoology of the 
Sandwich Islands, 358. 

on zoological bibliography and 

publication, 359. 

on the compilation of an index 

generuvi et specierum animalium, 367. 

on African lake fa/tma, 368. 

on the zoology and botany of the West 

India Islands, 369. 

Scott (Dr. D. H.) on the preservation of 
plants for exhibition, 537. 

Screw gauge proposed in 1884, Report on 
the means by which practical effect can 
be given to the introduction of the, 426. 

Scripture (Dr. E. W.) on the pendulum 
chronoscope, and accessory apparatus, 
824. 

on the tricolour lantern for illus- 
trating the physiology and psychology 
of colour vision, 824. 

Sea, the distribution of detritus by the, 
Vaughan Cornish on, 716. 

temperatures north of Spitsbergen, 

B. Leigh Smith on, 713. 

♦Secretion in gland cells, R. R. Bensley 
on, 828. 

Sedgwick (A.) on the occupation of a 
table at the Zoological Station at 
Naples, 353. 

on zoological bibliography and 

publication, 359. 

on investigations made at the 

Marine Biological Laboratory at Ply- 
mouth, 370. 

Seismological investigation, Second report 
on, 129. 

Selangor caves, Singapore, Interim report 
on the, 342. 

Selous (F. C.) on the economic geo- 
graphy of Rhodesia, 721, *746. 

*Seri Indians of the Gulf of California, 
Dr. W. J. McGee on the, 791. 

Serum, the absorption of, in the intes- 
tine, Prof. E. Waymouth Reid on, 817. 

Seward (A. C.) on the possible identity 
of Bennettites, WUliamsonia, and 
Zamites gigas, 663. 

* , Lecture on fossil plants by, 866. 

on fossil Equisetaceoi, 872. 

Shaler (Prof. N. S.) on the origin of 
drumlins, 654. 

Sharp (D.) the zoology of the Sand- 
wich Islands, 358. 

on zoological bibliography and p'ubli- 

cation, 369. 

on the zoology and botany of the 

West India Islands^ 369. 
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Sharpe (B, F.) and A. G. Webster on 
a new instrument for measuring the 
intensity of sound, 584. 

SiiAW (W. N.) on practical electrical 
standards^ 20G. 

on electrolysis and electro-chemistry ^ 

227. 

Shenstone (W. a.) on the production of 
haloids from pure materials^ 295. 
Sherborn (0. D.) on zoological hihlio- 
graphy and puhUcation^ 359. 
Sherrington (Prof. C. S.) on the life 
conditions of the oyster^ 363. 

on the fiimtio7ial activity of iierrc- 

cells, 512. j 

on the activity of the iiervous centres I 

which correlate antagonistie muscles in 
the limbs, 516. 

071 the physiological effects of peptone 

and its precursors tvhen i/itroduced 
into the circulation, 531. 

on visual contrast, 824. 

* on inhibition as a factor in mus- 

cular contraction, 830. 

Shipley (A. E.) on the necessity for the • 
immediate investigafioii of the biology 
of oceanic islands, 352. 

Ships, speed trials of, W. G. Walker on, 
760. 

^Shortt (Prof. A.) on characteristics of 
Canadian economic history, 741. 

Shutt (Frank T.) on the composition of 
Canadian virgin soils, G 1 G. 

Silchester excavation, Beport on the, 511. 
Silver question, Canada and the, John 
Davidson on, 740. 

* and copper in China, Dr. J. Edkins 

on, 740. 

Singapore, Selangor Caves, Interim 
report on the, 342 

Sladbn (Percy) on the occupation of a 
table at the Zoological Station at Naples, 
363. 

Smith (B. Leigh) on sea temperatures 
north of Spitsbergen, 713. 

(E. a.) on the present state of our 

hnoTvledge of the zoology of the Sandwich 
Islands, 358. 

* (Dr. G. Elliot) on the morphology 

of the cerebral commissures in the 
vertebrata, 697. 

Soils, Canadian virgin, the composition 
of, F. T. Shutt on, 616. 

Solar physics, magnetic periodicity as 
connected with, A. Harvey on, 587. 
SoLLAS (Prof. W. J.) on the structure of 
a coral reef, 297. 

on the erratic blocks of the British 

Isles, 349. 

Soulanges Canal, J. Monro on the, 764. 
Sound, a new instrument for measuring 
the intensity of, A. G. Webster and 
B. F. Sharpe on, 684. 

Sounds, the rate of the decrease of the 


intensity of shrill, with time, A. Wilmer 
Duff on, 683. 

SOWBRBUTTS (Eli) on the position of 
geography in the educational system of 
the coufitry, 370. 

SowTER (R.), Prof. A. W. Rucker, and 
R. Forsyth on a photographic record 
of objective combination tones, 551. 

SOWTON (Miss S. C. M ) arid Dr. A. 
Waller on the action of reagents upon 
isolated nerve, 618. 

Spear-heads made of glass from Western 
Australia, Sir W. Turner on some, 796. 

Specific heat of sujicrheal cd steam. Prof. 
J. A. Ewing and S. Dimkerley on the, 
551. 

of a liquid in terms of the interna- 
tional electrical units, a new method 
of determining the, Prof. H. L. Cal- 
lendar and H. T. Barnes on, 652. 

Spectra of the elements and compounds, 
ivavc-lengih tables of the, Tteport on, 75. 

of elements, changes in the wave- 

frequencies of the lines of emission, 
W. J. Humphreys on, 566. 

* of helium and argon demonstrated 

by Prof. W. Ramsay, 611. 

of oxygen, sulphur, and selenium, 

C. Rungc and F. Paschen on the, 556. 

Spectral lines, the influence of pressure 
on, J. Liirmor on, 655. 

* lines, Zeeman’s discovery of the 

effects of magnetism on, Pjof. O. J. 
Lodge on, 588. 

^Spectroscopy , the bibliography of, 1 nterbn 
report on, 627. 

Speed trials of ships, W. G. Walker on, 
766. 

SrENCER (J W.) on thii continental ele- 
vation of the Glacial epoch, 651 . 

♦Spiers (F. S.), F. Twyman, and W. L. 
Waters on the cyclical variation with 
temperature of the E. M. F. of the H 
form of Clark’s cells, 591. 

♦Spinal curves in man, A demonstration 
of the utility of the, by Prof. A. Stuart, 
790. 

Spitsbergen, sea temperatures north of, 
B. Leigh Smith on, 713. 

Sporangia in vascular plants, changes in 
number of, Prof. F. O. Bower on, 872. 

Springer (A.) on increase of segmental 
vibrations in aluminium violins, 564. 

Squaktktquaclt, or the benign-faced 
Cannes of the Ntlakapamuq, B.C., C. 
Hill-Tout on, 788. 

Stafford (Dr. Joseph) on the post- 
embryonic development of Aspidogaster 
conchicola, 698. 

State industries, a consideration of an 
European monopoly as a contribution 
to the theory of, by Dr. S. M. Wickett, 
738. 

Statistics and Economic Science, Ad- 
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dress by Prof. E. C. K. Gonner to the 
Section of, 727. 

Steam^ oxperimenU on the condensation, 
ofy Prof. H. L. Callendar and Prof. 

J. T. Xiculson on, 418. 

I. A oiew ajyparatus for studying the 
rate of condensation of steam on a 
metal surface at different tempera- 
tures and pressures^ hy Prof. H. L. 
Callendar and Prof. J. T. Nicolson, 
418. 

II. An electrical method of measuring 
the temperature of a metal surface on 
which steam is condensing, hy Prof. 
II. T. Callendar, 422. 

Steam, the specific heat of superheated, 
Prof. J. A. Ewing and S. Dunkerley on, 
554. 

engine, the triple-expansion at 

Massachusett s Institute of Technology, 
Tests by Prof. C. H. Peabody on, 759. 
Stebbing- (Kev. T. K. R.) on zoological 
bibliography and publication, 'S5d. 

o/i the compilation of an index gene- 

rum et specicrum animalium , 367. 
Stewart (Prof. A.) on the structure of a 
coral reef, 297. 

(Dr. (x. N.) on the output of the 

maiamalian heart, 813. 

^Stilling, the function of the canal of, 
in the vitreous humour, Prof. Anderson 
Stuart on, 820. 

Stomata, a preliminary account of a new 
method of investigating the behaviour 
of, F. Darwin on, 865. 

Some considerations upon the func- 
tions of, by Prof. C. E. Bessey, 861. 
of Ilolacantha Emoryi, the chimney- 
shaped, Prof. 0. E. Bessey on, 861. 
Stonby (Dr. G. Johnstone) on practical 
electrical standards, 206. 

Strahan (A.)c;t life-zones in the British 
Carboniferous rochs, 296. 

Strains and structures of the earth, O. H. 
Howarlh on, 664. 

Stratigraphical succession in Jamaica, 

K. T. Hill on the, 642. 

♦Stratton (S. W.) and Prof. A. A. 

Michelson on new harmonic analyses, 
562. 

Stroms, the carbohydrates of cereal. Second 
report on, 294. 

Strength of columns. Prof. G. Lanza on 
the, 755. 

of white pine, red pine, hemlock, 

and spruce, Experiments by Prof. H. 
T. Bovey on the, 758. 

^Streptothrise actinomyootica and allied 
species of Streptothryx, Prof. E. M. 
Crookshank on, 873. 

Stroh (A.) on the B. A. screw gauge, 
426. 

Stroud (Prof. W.) on the action of light 
upon dyed colours, 286. 


♦Stuart (Prof. Anderson) on the utility 
of the spinal curves in man, 790. 

* on the function of the canal of 

Stilling in the vitreous humour, 820. 

* on some pieces of physiological 

apparatus, 820. 

♦Stupart (R. F.) on the climatology of 
Canada, 567. 

Sugar, the gastric inversion of cane, by 
hydrochloric acid, Prof. Graham Lusk 
on, 821. 

Sultb (B.) on an ethnological survey of 
Canada, 440. 

on the origin of the French Cana- 
dians, 449. 

♦Sumner (Prof. W. G.) on the origin of 
the dollar, 740. 

Sun-offerings, Blackf oot, R. N. Wilson on, 
789. 

Surface tension of water, etc., the deter- 
mination of the, by means of the 
method of ripples, N. Ernest Dorsey 
on, 551. 

Susceptibility of dia-magnetic and weakly 
magnetic hubsUmces, A. P. Wills on, 
586. 

Symons (G. J.) on the work of the Corre- 
sponding Societies Committee, 23. 

on the application of photography 

to the elucidation of meteorological 
phenomena, 128. 

on seismologieal investigation, 129. 

on the climatology of Africa, 409. 

Sympathetic nervous system, the com- 
parative physiology of the cells of the, 
Prof. G. Carl Huber on, 822. 


Tables, mathematieal, Interim report on, 
a new Canon Arithmeticus, 127. 

Tanouay (Abb6)(7/i an ethnological survey 
of Canada, 440. 

Taylor (F. Bursley) on the Champlain 
submergence and uplift, and their 
relation to the Great Lakes and Niagara 
Falls, 652. 

(H.) onpracticalclectricalstandards, 

206. 

(J. J.) Anthropometric notes on. the 

inhabitants of Cleckheaton, Yorkshire, 
by, 507. 

Teaching of chemistry, reform in the, 
Prof. W. W. Andrews on, 601. 

Teall (J. J. H.) on the collection of 
photographs of geological interest in 
the United Kingdom, 298. 

on differentiation in igneous magmas 

as a result of progressive ciT'stallisation, 
661. 

Tellurium, gold ores containing, the cause 
of loss incuired in roasting, Dr. T. K. 
Rose on, 623. 

Temiscaming, Lake, Canada, the relations 
and structure of certain granites and 
3 M 2 
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arkoses on, W. F. Ferrier and A. E. 
Barlow on, 659. 

♦Temperature, the eft'ect of, in varying 
the resistance to impact, the hardness, 
and the tensile strength of metals, A. 
Macphail on, 767. 

of Europe, Dr. van Rijckevorsel on 

the, 666. 

of a metal surface on which steam is 

co7idensing, an electrical method of 
measuring the. Prof H. L. Callendar 
on, 422. 

Tertiary mammalia skeletons and re- 
storations of. Prof. H. F. Osborn on, 
684. 

Tesla (Nicola) on an electrical oscillator, 
570. 

Thermo-electricity, a research in, by 
means of a platinum resistance pyro- 
meter, H. M. Tory on, 688. 

•Thermometer, a comparison of Rowland’s 
mercury, with a Griffiths’ platinum 
thermometer, F. Mallory and C. D. 
Waidner on, 660. 

Thompson (Prof. S. P.) on 2^^'O'Ctical • 
electrical standards, 206. 

on the teaching of science in element- 
ary schools, 287. 

* on new varieties of kathode rays, 

655. 

* on an experiment with a bundle of 

glass plates, 657. 

on a tangent galvanometer, 657. 

on the use of the trifilar suspension 

in physical apparatus, 588. 

(Prof. W. H.) on the physiological 

effects of peptone and its precursors 
when introduced into the circulation, 
581. 

Thomson (Prof. J. J.) on practical 
electrical standards, 206. 

Thorium, the chemistry and the atomic 
weight of. Prof. B. Braunor on, 609. 

Thorpe (Dr. T. E.) on the actioii of 
light upon dyed colours, 286. 

Tiddeman (R. H.) on the collection of 
photographs of geological interest in 
the United Kingdom, 298. 

on the erratic blocks of the British 

Isles, 349. 

Tilden (Prof. W. A.) on the investiga- 
tion of isomeric naphthalene deriva- 
tives, 292. 

Timber columns, the strength of. Prof. 
G. Lanza on, 758. 

Experiments by Prof. H. T. 

Bovey on the strength of, 768. 

Time; the unification of, J. A. Patterson 
on, 550. 

* at sea, the unification of, C. E. 

Lurasden on, 720. 

Titanic oxide, the distribution of, upon 
the earth’s surface, E. P. Dunnington 
on, 612. 


♦Todd (Prof. David P.) on automatic 
operation of eclipse instruments, 686. 

Tomatoes, a disease of, W. G. P. Ellis on, 
861. 

Toronto children, the growth of, Dr. F. 
Boas on, 443. 

Glacial and interglacial deposits at. 

Prof. A. P. Coleman on, 660. 

Toby (H. M.) on a research in thermo- 
electricity by means of a platinum 
resistance pyrometer, 688. 

fTotem among the Omaha, Miss A. C. 
Fletcher on the import of the, 788. 

Trade combination in Canada, the history 
of. W. H. Moore on, 737. 

, national policy and international, 

Edwin Cannan on, 741. 

Trail (Prof. J. W. H.) on the gneserva- 
tioii of plants for exhibition, 537, 

Tbaqitaib (Dr. B. TL.)on life-zones in the 
British Carboniferous rocks, 296. 

■’^Travers (Morris W.) on the occurrence 
of hydrogen in minerals, 610. 

and Prof. W. Ramsay on the re- 
fract! vity of certain mixtures of gases, 

687. 

Trees of Nebraska, the distribution of 
the native. Prof. C. E. Bessey on, 862. 

Trematode Aspid^ognster conchiccla, the 
post-embryonic development of the, 
Dr. Joseph Stafford on, 698. 

•Trenton gravels, Prof. F. W. Putnam on 
the, 796. 

♦Trepanning, some cases of, in early 
American skulls, Dr. W. J. McGee on, 
790. 

, a case of, in north-western Mexico, 

W. C. Lumholtz and Dr. A. Hrdlicka 
on, 790. 

Trifilar suspension in physical apparatus, 
the use of, l^rof. S. P. Thompson on, 

688 . 

Triple-expansion engine at Massachusetts 
Institute of Technology, Tests by Prof. 
C. PI. Peabody on the, 759. 

•Tripoli, a journey in, J. L. Myres on, 
722. 

Tristram (Rev. Canon II. B.) onthework 
of the Corresponding Societies Com- 
mittee, 23. 

Tubercle bacillus, the action of glycerine 
on the, Dr. S. Monckton Copeman and 
Dr. F. R. Blaxell on, 829. 

Turner (Sir W.), Address to the Section 
of Anthropology by, 768. 

on some spear-heads made of glass 

from Western Australia, 796. 

♦Twyman (F.), F. S. Spiers, and W. L. 
Waters on the cyclical variation with 
temperature of the E. M. P\ of the 
H-form of Clark’s cell, 691. 

Tyrrell (J. B.) on the glaciation of 
north- central Canada, 662. 

on the barren lands of Canada, 780. 
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Unification of time, J. A. Patterson on 
the, 650. 

* of time, at sea, C. E. Lumsden on 

the, 720. 

United States of America, economic 
entomology in the, Dr. L. O. Howard on, 
694. 

Geographical Survey, the geographic 

work ot the, 0. V. Walcott on, 720. 

Institutions engaged in geographic 

work in the, Marcus Baker on, 718. 

Coast and Geodetic Survey, T. C. 

Mendenhall on the work of the, 719. 

hydrography of the, F. H. Newell 

on the, 719. 

daily weather survey. Prof. Willis 

L. Moore on the, 721. 

the material conditions and growth 

of the, H. Gannett on, 725. 

— local differences in discount rates 
in the, Dr. K. M. Breckenridge on, 
741. 

* recent reaction from economic 

freedom in the, B. B. Bowker on, 746. 
Unwin (Prof. W. C.) on the calibration 
of instrumeyitx used in engineering 
laboratories, 424. 

Urdn'KS, Report on the linguistic and an- 
thropological characteristics of the, 427. 


♦Vancouver Island, a rock inscription on 
Great Central Lake, J. W. Mackay on, 
793. 

♦Vapour tensions of liquid mixtures, 
Dr. W. L Miller and T. R. Rosebrough 
on, 624. 

Vascular channels, the resistance of, Prof. 
K. Hurthle on, 815. 

plants, changes in number of spo- 
rangia in, Prof. F. O. Bower on, 872. 

plants, the morphology of the cen- 
tral cylinder in, E. C. Jeffrey on, 869. 

Vector analysis, a notation in, Prof, O. 
llenrici on, 560. 

Vegetation regions of the Prairie pro- 
vince, Roscoe Pound and F. E. Clementb 
on, 863. 

Veknon (H. M.) on the conditions of 
animal life in aquaria, 364. 

Vertebrata, the determinants for the 
major classification of fish-like. Prof. 
Theodore Gill on, 696. 

*. the origin of, Prof. C. S. Minot on, 

683. 

* the morphology of the cerebral 

commissures in the. Dr. G. Elliot 
Smith on, 697. 

the derivation of the pectoral mem- 
ber in terrestrial. Prof. Theodore Gill 
on, 697. 

Vines (Prof. S. H.) on investigations 
made at the Marine Biological Asso- 
ciation Laboratory at Plymouth, 370. 


Violins, increase of segmental vibrations 
in aluminium. Dr. A. Springer on, 564. 

Visual contrasts, Prof. C. 8. Sherrington 
on, 824. 

reaction to intermittent stimulation, 

O. F. F. Griinbaum on, 828. 

♦Vitreous humour, the. function of the 
canal of Stilling in the, Prof . Anderson 
Stuart on, 820. 

Waddell (John) on the permeability of 
elements of low atomic weights to the 
Rontgen rays, 611. 

, notes on concentrated solutions of 

lithium and other salts by, 613. 

Wager (Harold) on the nucleus of the 
yeast plant, 860. 

*Waidnkr (C. D.) and F. Mallory on 
a comparison of Rowland’s mercury 
thermometer with Griffiths’ platinum 
thermometer, 660. 

Walcott (Charles V.) on the geographic 
work of the United States Geogiaphical 
Survey, 720. 

Walker (W. G.) on speed trials of shins, 
766. 

(J. Wallace) and Winifred Jud- 

SON on the reduction of bromic acid, 
and the law of mass action, 613. 

Wallace (A. Russel) on the Selangor 
caves, 'Singapore, 342. 

Waller (Dr. A. D.) on the functional 
activity of nerve-cells, 612. 

and S. C. M. Sowton on the action 

of reagents upon isolated nerve, 612. 

and F. ISeymour Lloyd on histo- 
logical changes in medullated nerve 
ajter treatment with the vapours of 
ether, chloroform, and with carbonic 
acid gas, 620. 

Wallis (E. White) on the mental and 
physical defects of children in schools, 
427. 

Ward (Prof. 11. Marshall), Address to the 
Section of Botany by, 831. 

on Stereuni hirsutum,’a wood-destroy- 
ing fungus, 860. 

Warington (Prof. R.) on the carbo- 
hydrates of cereal straws, 294. 

Warner (Dr. Francis) on the physical 
and mental defects of children in schools, 
427.“ 

Water, the determination of the surface 
tension of, by means of the method of 
ripples, 'N. Ernest Dorsey on, 551. 

♦Waters (W. L.), F. S. Spiers and F. 
Twyman on the cyclical variation with 
temperature of the E.M.F. of the H. 
form of Clark’s cell, 691. 

Watkin (Col.) on the B. A. screw gauge, 
426. 

Watts (Dr. Marshall) on wave-length 
tables of the spectra of the elements and 
compounds, 7 5. 
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Watts (Prof. W. W.) on the structure of 
a coral reefy 297. 

on the collection of photographs of 

geological interest in the United King- 
dom, 298. 

Wave-length tables of the spectra of the 
elements and compounds, lleport on, 
75. 

♦Wealth, some fallacies in the theory of 
the distribution of, Prof. A. T. Hadley 
on, 740. 

Weather survey, the United States daily, 
Prof. Willis L. Moore on, 721. 

Webber (Herbert J.) on the anther- 
ozoids of Zamia integrifolia, 864. 

(Maj.-Gen.) on tlieB. A. screw gauge, 

426. 

Webster (A. G.) and B. F. Sharpe on 
a new instrument for measuring the 
intensity of sound, 584. 

Weiss (Prof. F. E.) on the preservation 
of plants for exhibition, 537. 

♦Welby (Miss) on the action of ames- 
thetics on cardiac mu.scle, 822. 

Weldon (Prof. W. F. J{.')on the necessity 
for the immediate investigation of the 
biology of oceanic islands, 352. 

on the occupation of a table at the 

Zoological Station at JVdples, 353. 

on zoological bibliography and pub- 
lication, 359. 

West India Islands, Tenth report on the 
zoology and botany of the, 369. 

071 investigations made at the Marine 

Biological Association Laboratory at 
Plymouth, 370. 

Wharton (Adm. Sir W. J. L.) on the 
structure of a coral reef 297. 

♦Wheat, diagrams illustrating the result 
of 50 years’ experimcmting on the 
growth of, at Kothamsted, Dr. H. E. 
Armstrong on, 865. 

Whetham (W. C. D.) on electrolysis and 
electro-chemistry, 227. 

on the theory of the migration of 

ions and of specific ionic velocities, 227. 

Whitaker (J.) 'on the work of the 
Corresponding Societies Committee, 23. 

White (J.) on the topographical work 
of the Geological Survey of Canada, 
721. 

Whiteaves (J. F.) on some remains of 
a sepia-like cuttle-fish from the Lower 
Cretaceous rocks of the South Sas- 
katchewan, 694. 

on a fish tooth from the Upper 

Arisaig series of Nova Scotia, 656. 

Wickett (Dr. S. M.), A consideration of 
an European monopoly (in tobacco) 
as a contribution to the theory of 
State industries by, 738 

♦Williams (J. L.) on the existence of 
motile antherozoids in Bictyolacece, 
866 . 


Williams (Prof. W. Carleton) on the 
electrolytic methods of quantitative 
analysis, 295. 

Wxlliamsonia, Bennettites, and Zamites 
gigas, the possible identity of, A. C. 
Seward on, 663. 

Willis (Bayley) on Drift phenomena of 
Puget Sound and their interpretation, 
653. 

Wills (A. P.) on the susceptibility of 
diamagnetic and weakly magnetic 
substances, 586. 

Wilson (R. N.) on the Blackfoot legend 
of Scar-face, 788. 

on Blackfoot sun-offerings, 789. 

Wiltshire (Rev. T.) on the Phylldpoda 
of the Palcrozoic rocks, 343. 

WiNDLE (Prof. B.) on anthropometric 
measurements in schools, 451. 

Wingate (David S.) on physiological 
applications of the phonograph, 526. 

Witches’ broom on Berbexis vulgUTis, the 
growth of the mycelium of Aecidium 
graveolens on the, Prof. P. Magnus on, 

. 859. 

♦Wither (Prof. Lightner) on an experi- 
mental analysis of certain correlations 
of mental physical reactions, 791. 

* on the nature and physical diasis 

of pain, 829. 

Witt (Mrs. de) .and Prof. G. Carl 
Huber on the innervation of motor 
tissues, with special reference to nerve- 
endings in the sensory muscle-spindles, 
810. 

Womanhood, Blackfoot, Rev. John Mac- 
lean on, 793. 

♦Women and children, the relation of 
the employment of, to that of men, 
Carroll D. Wright on, 746. 

Wood (Sir H. T.) on the B. A. screw 
gauge, 426. 

Wood-destroying fungus, Stereum hirsu- 
tum a, Prof. PI. Marshall Ward on, 
860. 

Woodward (Dr. H.) on life-zones in the 
British Carboniferous rocks, 296. 

on the Phyllopoda of the Palaozoic 

rocks, 343. 

on the compilation of an index 

generum et specierum animalium, 367. 

(H. B.) on the collection of photo- 
graphs of geological interest in the 
United Kingdom, 298. 

on the Chalky Boulder-clay and the 

glacial phenomena of the western- 
midland counties of England, 649. 

Woolnough (F.) on the collection of 
photographs of geological interest in the 
United Kingdom, 298. 

♦WooLVERTON (Dr. S.) exhibited a col- 
lection of Devonian fossils from 
Western Ontario, 666. 

* Worcester (Prof. Dean C.) on the 
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Mangyans and Tagbanuas of the 
Philippine Isles, 796. 

’•‘Workmen’s Compensation Bill, econo- 
mic aspects of the, J. R. Macdonald 
on, 746. 

*WRiaHT (Carroll D.) on the relation of 
the employment of women and chil- 
dren to that of men, 746. 

-- — (Prof. E. Perceval) m the ethnogra- 
pkical survey of Ireland^ 510. 

* (Prof. R. Ramsay) on a proposed 

lacustrine biological station, 683 


X-rays, experiments on the absorption 
of, and chemical constitution, by Dr. 
J. II, Cladstone and W. Hibbert, 611. 
X-ray tubes, the behaviour of argon in, 
Prof. H. L. Callcndar and N. N. Evans 
on, 653. 


* Yeast, the existence of an alcohol-pro- 
ducing enzyme in. Prof. J. R. Green 
on, 826, 866. 

plant, the nucleus of the, Harold 

Wager on, 860. 

Yerkes observatory, G. E. Hale on the, 

Zamia integrifolia^ the antherozoids of, 
H. J. Webber on, 864. 


Zamites gigas^ Benvettites^ and William- 
sonia, the possible identity of, A. C. 
Seward on, 663. 

♦Zeeman’s discovery of the effects of 
magnetism on spectral lines. Prof. 0. 
J. Lodge on, 588. 

Zonal constitution and disposition of 
plant formations, F. E. Clements on 
the, 863. 

Zoological MUiography and publication^ 
Iteport on, 359. 

Station at Naples, Report on the 

occupation of a table at the, 353. 
Appendix : 

I. 071 the co)idit}on of animal life in 
niarlne aquaria, by H. M. Vernon, 
354. 

II. List of naturalists who have worhed 
at the StnMon from July 1, 1896, to 
June 30, 1897, 356. 

III. Jjist of papers published in 1896 
by naturalists who have occupied 
tables at the Station, 357. 

* .Station at Naples, Dr. Anton 

Dohrn on the, 683. 

Zoology, Address by Prof. L. C. Miall 
to the Section of, C67. 

and botany of the India 

Islands, Tenth report 07i the present 
state of our knowledge of the, 369. 

of the Saiidwicfi Islands, Seventh 

report on the, 358. 
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]\lAKi{, J E . E«q., h’ R.S. 'J’YLOK, Professor E. B , F.R.R. 

ME1.DOLA, Piolessor R , F.R S Unwin, Profesbor W. G , F.R.S. 

PoULT’ON, IT'ofis^oi E B F R S. WtiiiK, Su W II,K('B,1MIS 

EX-OFFICIO MEMBERS OF THE COUNCIL 

The Trustees, the President and President Elect, the Presidents ot forniei years, the Vice-Presidents and 
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Secretaries for the ensuing Meeting 

1 RUSTEES (PERMANENT). 

The Right Hon. Su John LmnocK, Bait , M.P , D G.L , LL D., F.lt.S., F.L.S. 

The Right Tfon Loid R\m moh, Af A ,1) O L , LI. 1)., F R R., F R.A.R. 

Tlie Rightlfon. Lord Plam’aih, G(M3, Ph D., LL D., FRS 

PRERIDEN'J'R OF FORMER YEARS 

Sir .Tohn Luhboelc, Bart .F R.S Sir Win. Huggins, K.O.B , P.R S 
Loid Rayleigh, 1) C L.. F R.S SirArehibald Geikie, LL.D., F.R. S. 
Jjotd Pl.i\t!iir, G R , F R S Pro! J S Bindoii Sanderson, F R s. 

Sir Win Dawson, C M.G. , F.R S The Marquis of Sali''huiy, KG 
Sir II. E. Roscoe, D.g L., F.R S. F.R.S 

Sir F. .1. Riamwell, R.iit., F R S. Sir Douglas Gallon, K.O.B , F.R ,S. 

Sir W. H Flower, K C B , F.R.S Lonl LiMei, D (Hj , Pies R S. 

Sii F. A . Abel, Bart., K U.B., F.R S 

GENERAL OFFICERS OF FORMER YEARS. 

P. Galtou, Esq., P.R S. 1 P. L Selatei, Esq.,Ph.D., F R.S. 1 ITof. A. W. Williamson, F.R.S. 

Prof. Michael Foster, Sec.R S. I Sir Douglas Galtou, K.O.B . F.R S. A. Veinon Harconit, Esip, FRS 

G Griffith, Esq., M.A. | Prof. T G. Bonuej, D.Sc., F.R.S j 

AUDITORS. 
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1887. *Abbe, I’rofessor Cleveland. Weather Bureau, Department of Agri- 
culture, Washington, U.S.A. 

1897, § Abbott, A. 11. Brockville, Ontario, Canada. 

1881, ^Abbott, H. T. G. Whitley House, Malton. 

1887. I Abbott, T. C. Eastleigh, Queen s-road, Bowdon, Chesliire. 

1863. *Abel, Sir Frederick Augustus, Bart., K.O.B., D.O.L., D.Sc., 
E.lt.S., V.P.O.S., President of the Government Committee on 
I'lxplosives. The Imperial Institute, Imperial Institute-road, 
and '2 Whitehall-courl, S. W. 

1885. * Aberdeen, The Bight lion, the l^larl of, (LC.M.G., LIj.B., Governor- 
General of Canada. Ottawa. 

1885. (Aberdeen, The Countess of. Ottawa. 

1885. I Abernethy, David W. Eerryhill Cottage, Aberdeen. 

1885. jAbernethy, James W. 2 Bubislaw-place, Aberdeen. 

1873. *Abney, Captain W. de W., Ti.E., G.B., D.O.L., E.B.S., F.R.A.S, 
Katlimore Lodge, Bolton-gardens {South, Earl’s ('Oiirt,S.W. 

1886, j Abraham, Harry. 147 High-street, Southampton. 
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1884. lAclieson, George. (Jollopate Inatitule, Toronto, t Canada. 

187'*^. i Ackroyd, ISaiiiiicl. Greaves-street, Little ITorton, Bradford, Yorkshire. 

1882. *Acland, Alfred Dyke. 2>8 Pont-street, Chelsea, S.W. 

1809. lAclaiid, Charles T. D. Sprydoiicote, Lxeter. 

1877. *Acland, Captain Francis F. Dyke, 11. A. Woodmansterne Rectory , 
Jianstead, Surrey. 

1873. *Acland, Rev. II. D., ^I.A. Luccomho Rectory, Tannton. 

1894. *Acland, Henry Dyke, F.G.S. The Old Bank, Great Malvern. 

1873. *Aclani>, Sir ITj^nry W. D., Bart., K.CMh, M.A^, M.D., LL.D., 

F.R.8. Broad-street, Oxlnrd. 

1877, *Acland, Theodore Dyke, M. A. 74 Brook-street, W. 

1860. tAcLAND, Sir Thomas Dyke, Bart., M.A., D.C.L. Killertoii, Exeter. 
1887. IAdami, ,1. G., B.A The University, Montreal, Canada. 

1892. fAdams, David. Rockville, North Q.ueensferry, 

1884. t Adams, Frank Donovan. Geological Survey, Ottawa, Canada. 

1871. § Adams, John R. 2 Nut ley-terrace, Hampstead, N.W. 

1879. *Adams, Rev. Thomas, M.A., D.C.L , Canon of Quebec, Principal of 
Jhshop’s College, Lennoxville, Canada. 

1869. *Adams, William Ghylls,M.A., D.Sc., F.R.S., F.G.S.,F.C.P.S., Pro- 

fessor of Natural Philosophy and Astronomy in King’s College, 
London. 43 Cainpden Hill-square, W. 

1870. :|:Adanison, Robert, M.A., IAj.J)., Professor of Logic in the Uni- 

versity of Gla>gow. 

1896. §§ Adamson, W. Suniiyside House, Prince’s Park, Liverpool. ^ 
1890. j:Addyman, James Wilson, B.A. Delmont, Starbeck, Harrogatf:^. 

1890. 4;Ai)ENEY, W. E., F.C.S. Royal University of Ireland, Iiiarlsfoit- 

terrace, Dublin. 

1865. *Adkius, Henry. Ley-hill, Northfield, near Birmingham. 

1883. ■fAdshead, Samuel. School of Science, Ma(*clestield. 

1896 §§Allleck, W. If. 28 Onslow-road, Fairfield, Liverpool. 

1884. Cornelius R. 266 Afaddlson-avenue, New York, U.S.A. 

1887. [Agnew, William. Summer Hill, Pendleton, Manchester. 

1864. ’^Ainsworth, David. The Flosh, Oleator, Cam forth. 

1871. ^Ainsworth, .Tohn vStirling, Harecroft, GoMbrth, Cumberland. 

1871. t Ainsworth, William M. The Flosh, Cleator, Carnforth. 

1895. *Airy, Hubert, M.D. Stoke House, Woodbridgi*, Sull’olk. 

1891. *Aisbilt,M. W. Mountstuart-square, (kirdilf. 

1871. §AiTKnx, John, F.R.S., F.R.S.E. Ardenlea, Falkirk, N.B. 

1884. ^Alabaster, IT. Lytton, Mulgrav e-road, Sutton, Surrey. 

1886. ^Albright, G. S. The Elms, Edgba.ston, Birmingham. 

1896. §Aldridge, J. G. W., Assoc.M.Inst C.E. 9 Victoria-street, West- 

minster, S.W. 

1894. ^Alexander, A. W. Blackwall Lodge, Halifax. 

1891. jAh‘xander, D. T. Dynas Powis, Carditf. 

1883. f Alexander, George. Kildare-street Club, Dublin. 

1888. ^Alexander, Patrick Y. 47 Vr toria-street, Westminster, S.W. 

1873. tAlexander, R., M.D. 13 HallKeld-road, Bradford, Yorkshire. 

1 896. §§ Alexander, AVilliam. 45 Ilightield South, Rockferry, Chester. 

1891. *Alford, Charles J., F.G.S. Coolivin, Hawkwood-road, Boscombe, 

Hants. 

1883. t Alger, Miss Ethel. The Manor House, Stoko Damerel, South 
Devon. 

1883. :{:Algor, W. H. The Manor House, Stoke Damerel, South Devon. 
1883. I Alger, Mrs. W. II. The Manor House, Stoke Damerel, South 
Devon. 

1867. lAlison, George L. C. Dundee. 

1885. i Allan, David. West Cults, near Aberdeen. 
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1871. JAlIaii, G., M.In8t.O.E. 10 Austin Friars, E.O. 

1871. JAllen, Alb’BED H., F.O.S. Sydenham (Plottage, Park-lane, Sheffield. 

1879. *Allen, Rev. A. J. 0. The Librarian, Peterhouse, Cambrid^re. 

1887. * Allen, Arthur AcJdand. Orerhrook, Kerml, Mancho,der. 

1887. ^ Alien, (lharlefi Peter. Overhrook, Kersak Manchester. 

1888. § Allen, F J., M A., M.B., Professor of Physiology, Mason College, 

Birmingham. 

1884. t A lien, Rev. George. Shavsr Vicarage, Oldham. 

1891. lAllen, Henry A., F.G.S. Geological Museum, Jermyn-street, S.W. 
1887. tAUen, John. Kilgrimol School, St. AnneVon-the-Sea, via Preston. 
1878. J Allen, John Romilly. 28 Great Ormond-street, W.t^ 

1887. * Allen, linssell. 2 Parknicod , Victoria Park, Manchester. 

1891. \V. II. 24 Glenroy-street, Boat h, Cardiff. 

1889. lAllhusen, Alfred. Low Fell, Gateshead. 

1889. §Allhusen, Frank E. The School, Harrow. 

*Allman, George J.,M.I).,LL. I)., F.R.S., F.U.S.E.,M.P.I.A., F.L.S., 
Emeritus Professor of Natural Histoiy in the University of 
Edinburgh. Ardmore, Parkstone, Dorset. 

188(3. I Allport, Samuel, F.G.S. Mason College, Birmingham. 

1 89G.§§Alsop, J. W. 1(3 Bidston-road, 0\(on. 

1887. JAlward, G. L. 11 Hamil ton-street, Grimsby, Yorkshire. 

1873. p Ambler, .John. North Park-road, Bradford, Yorkshire. 

1891 . I Ainbros(‘, 1 ). R. Care of Messrs. J. Evans Sc Co., Bute Docks, Cardiff 

1883. §Amerv, .Tohn Sparke. Druid, A.shbiirton, Devon. 

IS'id. §Amoi V, Peter Fabyan Sparke. Druid, Ashburlon, Devon. 

1884. §A3mi, Henry, M.A., F.G.S. Geological Survey, Ottawa, Canada. 
188,3. t Anderson, Miss Constance. 17 Stonegrate, York. 

1885. ^Anderson, Hugh Kerr, (yams College, Cambridge. 

1874. lAnderson, John, J.P., F.G.S. Holywood, Belfast. 

1892. i Anderson, Joseph, LL.D, 8 Great King-street, Edinburgh. 

1888. * Anderson, R. Bruce, 35 a Great George-street, S.W. 

1887. ^Anderson, Professor R. J., M.D. Queen’s College, Galway. 

1889. ^Anderson, R. Simpson. Elswick Collieries, Newcastle-upon-Tyne. 

1880. ^Anderson, Tempest, M.D., B Sc., F.G.S. 17 Stonegato, York. 
1880. *Ani)ERSon, Sir Welliam, K.(kB., DC.Ij., F.U.S., M.Inst.C.E , 

Director-General of Royal Ordnance Factories. Le^ney House, 
Frith, Kent. 

1880. ^Andi’ew, Mrs. 120 .Tamaica-street, Stepney, E. 

1883. I Andrew, Tlioraas, F.G.S. 18 Southernliay, Exeter. 

1895. f Andrews, Charle.s W. British Mnsoimi (Natural Hi.story), S.W. 
1891. t Andrews, Thomas. 163 Nowport-road, Cardiff. 

1880. ^Andrews, Thornton, M.Inst.(khk Cefn Eithen, Swansea. 

1880. § Andrews, William, F.G.S. Steeple Croft, Coventry. 

1883. ifAnelay, Miss M Mabel. Girton College, ( ’ambridge. 

1877. §Angele, John, F.C.S., F.l.C. 6 Beacons-ffeld, Derby-road, 

Withington, Manchester. 

1886. t Annan, John, J.P. YVhitmore Reans, Wolverhampton. 

1896. §§Annett, R. C. F. 11 Greenhey-road, Eiver]>ool. 

1880. pAnsell, .Tosoph, 38 Waterloo-street, Birmingham. 

1878. j Anson, Frederick H. 15 DeanVyard, Westminster, S.W. 

1890. §Antrobus, .1. (Jnutts. Eaton Hall, Congleton. 

1896. §§ Appleton, C. 31 \ Kinir-street, Wigan. 

1894. §Archibal(l, A. Bank House, Ventnor. 

1884. * Archibald, K. Douglas, (hire of Mr. F. Tate, 28 Market-street, 

Melbouriu', Australia. 

1851. I Argyll, His Grace the Duke of, K.G., K.T., D.C.L., F.R.S., 
F.R.S.lk, F.G.S. liiverary. 
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1888. §Armiste{id, Richard. 83 Cliambres-road, Southport. 

1888. *Armist(‘ad, William. Oaktield, Compton-road, Wolverhampton. 
1887. JArmitap:e, Benjamin. Chomlea, Pendleton, Manchester. 

1857. *Armstrokg, The Right lion. Lord, O.B., LL.D., D.O.L., F.R.S. 
(Jragside, Rothbury. 

1879. ^Armstrong, Sir Alex\nder,K.C.B.,]M. 1)., LL.ll., F.R.S. ,F.R.G.S. 

The Elms, Sutton Bonnington, Loughborough. 

1886. ^Armstrong, George Frederick, M.A., F.R.S.E., F.G.S., Regius 
Professor of Engineering in Ihe University of Edinburgh. The 
University, Edinburgh. 

1873. ^Armstrong, Henry E., Ph.D., LL.I)., F.R.S., Professor of Chemis- 

try in the City and Guild.s of London Institute, Central 
Institution, Exhibition-road, S.W. 55 Granville Park, 
Lewisham, S.E. 

1876. Armstrong, James. Baj’’ Ridge, Long Island, New York, U.S.A. 

1889. ^Armstrong, John A. 32 PJdon-strc'et, Newcastle-upon-Tyne. 

1884. t Armstrong, Robert B. .lunior Carlton (Jub, Pall Mall, S.W. 

1889. ^Armstrong, Thomas John. 14 Il.awthorn-tei race, Newcastle-upon- 

Tyne. 

1893. JArnold-Bemros*', II., M.A., F.G.S. 56 Friar-gate, Derby. 

1898. §ARROWHMiTir, J. W. (Local Treasurer). Biistol. 

1886. tAscough, Jesse. Patent Borax* (.Ympany, Newmarkot-street, Bir- 

mingham. 

1870. ^Asli, Dr. T. Limiington. Peiiroses, llolsworthy, North Devon. 

1874. |;Ashe, Isaac, M.B. Dundrum, Co. Dublin. 

1889. §§ Ashley, Howard M. Airedale, Ferrybridge, Yorkshhe. 

Ashton, Thomas, J.P. Ford Bajik, Didsbury, Manchester. 

1887. lAsliton, Thomas Gair, M.A. 30 Charlotte-street, Manchester. 

1866. ^Asliwell, Henry. Woodthorpe, Nutting-ham. 

*Ashworth, Edmund. Egerton Hall, Bolton-le-lMoors. 

Ashworth, Henry. Turton, near Bolton. 

1888. ^Ashworth, J. Jackson. Hillside, Wilmslow, Cheshire. 

1890. t Ashworth, .1. Reginald, B.vSe. 105 Freeliold-street, Rochdale. 

1887. JAshworth, .John Wallwork, I'.O.S. Tliorne Bank, II(‘aton Moor, 

Stockport . 

1887. ^Ashworth, Mrs. J. W. Tliorne Bank, Heaton Moor, Stockport. 
1887. lAspland, Arthur P. Werneth Ixidge, Gee Cross, near Manchestei*. 

1875. *Asplaijd, W. Gaskell. Tu])Iins, Newton Abbot. 

1861 .§§ Asquith, J. R,. Intirmary-street, Leeds. 

1896. *'Assheton, Richard. Biruam, Cambridge. 

1861. :f Aston, Theodore. 11 New-squ;ire, Lincoln’s Inn, W.C. 

1896, §Atkin, Geoige, J P. Mgertoii Jhirk, Rockferry. 

1887. §Atkinson, Rev. (1 Chi'twynd, M.A. Jmirlieid Hoii.se, A.sliton-on- 
Mer.sey. 

1865. *Atkinson, Edjiund, Ph.D., F.CJ.S. Porteshery Hill, (hamherley, 
Surrey. 

1884. JAtkin.soii, Edward, Pli.H., LL.H. Brookline, Massachusetts, U.S.A. 

1894. § Atkinson, tteorge JM. 28 St. Oswald’s-road, S W. 

1894. ^Atldnson, Harold W. Erwood, Beckenham, Kent. 

1861. JAtkiuson, Rev. J. A. The Yicarage, Bolton. 

1881. Atkinson, J. T. The Quay, vSelhy, Yorkshire. 

1881. ^Atkinson, Robert William, F.C.S. 44 Loudoun-square, Carditf. 
1894. §Atkinson, William. Erwood, Beckenham, Kent. 

1863. *Atteield, J., M.A., Ph.D., E.R.S., E.US. Ill Temple-chambers, 

E.C. 

1884. lAuchincloss, W. S. 209 Chiircli -street, Philadelphia, U.S.A. 

1886. tAulton, A. D., M.D. Walsall. 
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1888. tAyre, liev. J. W., M.A. 30 CJivcn-street, Orosvenor-square, W. 
1877. *Ayrton, \V. F.K.S., Professor of Applied Physics in the City 

and Guilds ol‘ London Institute, Central Institution, Exhibition- 
road, S. W. 41 Kensinj^ton Park Gaidens, W. 

1884. jPaby, The Hon. G. JMontreal, Canada. 

1883. ^Bach, Madame Henri. 12 Hue Fentdon, Lyons, 

Backhouse, Edmund. Darlington. 

18G3. tBackhouse, T. W. West Hendon House, Sunderland. 

1883. *Ba(dcliou.se, W. A. St. John's \Volsin«ham, near Darlington. 

1887. *Bacon, Thomas AValter. 4 L} nd hurst -load, Hampstead, N.W. 

1887. ^Baddeley, John. 1 Oharh)ttt'-htr(*(d, Manchester. 

1881. fBaden-Powell, Sir George S., K.O.M.G., M.A., M.P., E.ll.A.S., 

F’.S.S. 114 Eat on-square, S.W. 

1877. |Badock, AV. F. Badminton House, Clifton Park, Bristol. 

1883. IBaildon, Dr. Go Alamdie.ster-road, Soutli])ort. 

1892. JBaildon, H. Bell^se. Duncliife, Aliirrayfield, FMinbui^h. 

1883. *Bailey, ('harles, F.L S. Ashfield, Collepe-road, AVhalley llange, 

Manchester. 

1893. §Bailey, (Colonel F\, Sec. 11. Scot G S., E^.B G.S. Edinburgh. 

1870. i Bailey, Dr. FA’ancis J. 51 Grove-street, la verpool. 

1887. "'Bailey, G. H., D.Sc., Pli.D. Owens (College, Manchester. 

1865. ^Bailey, Samuel, F'.G.S. Ashley House, Galt horpe-road, Edgbaston, 
Birmingham. 

18»'\5. IBailey, W. Horsele}' Fhdds Cliemical Works, AVolverhampton. 
1887. :|.Bailey, W. H. SunniKulield, Eccles UId-road, Alanchester. 

18GG, jBaillon, Andn'w. British Consulate, Brest. 

1894. *Baily, FTancis Gibson, ALA. 1 1 liamsay-garelen, Edinburgh. 

1878. fBaily, Walter. 4 Uoslyn-hill, N.W. 

1885. DIain, Ali-xandek, M.A., TjL.D Feiiybill Tjodge, Aberdeen. 

1873. ];Bain, Sir James, AI.P. 3 Park-terrace, Glasgow. 

1897. §P>AIN, .1 \Mi:s, jnn. Toronto. 

1885. fBain, AVilliam N. ( idling wood, Pollob>hiclds, Glasgow. 

1882. *Baker, Sir Benjamin, K C.M G., LL 1)., E.P.S., Al.Inst.O.E. 

2 (Eieen Sqnare-place, Westminster, S \X . 

1891 |Bnker, .1. \AA 50 Staeey-roail, (Airdiff. 

1881. IBaker, Uobert, M.D. The Ibdroat, York. 

1875. IBaker, W. Proccor. Brislington, Bristol. 

1881. I Baldwin, Bev. G. W. de (’ourcy. Al A. Lord Alayor’s Walk, York. 

1884. :i:Ba1ete, Professor E. Polytechnic* School, Montreal, Canada. 

1871. :tBalfour, I'ln* Fi-rlit Hon. G. W., AI.F. 24, Addison Boad, Ken- 

sington, W, 

1894. tPalbcui, llciny, M A. 11 Xorlmin-gardcns, ( )xford. 

1875. ] Baeeoi 11 , IsA VC Bayley,M.A., I>.Sc., Al.D , F' B S ,F.B.S.E.,F L S , 
Professor of Botany in tin* Uiiiveisitv o]‘ lAlinburgh. Inverleith 
House, iMlinliurgli. 

1883. I Balfour, Airs. 1. Bayhw. Invc'rldtli House, Iklinburgh. 

1878. ""Ball, Charles Bent, Al.D., Beiiius ITofessor of Surgery in the 
Uiiiversitv of Dublin 24 AhuTion-sc^nai’e, Dublin. 

18GG. *Ball, Sir Bohkrt Siawell, LL.D., E.B.S., EMl.A.S., Director of 
the Ohsiu-v atory and Lown(h*an ITofessor of Astronomy and 
Geom(‘lr\ in the University of Cambridge. The Observatory, 
(5nnbiidgc‘. 

1883. *Ball, W. \N\ Bouse, AI..V. Trinity College*, Cambridge. 

1880. IBallantyne, .1. W., AI.B. 24 AbdCille-street, Edinburgh. 

1869. fBamher, Henry K., F\C.S. 5 Westiuinster-chambi*rs, Victoria- 
strec't, AVestminster, S.W. 
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1800. fBamford, Professor Harry, B.Sc. McGill University, Montreal, 
Canada. 

1882. JBance, (\olonel Edward, J.P. Oak Mount, Ilif^hfield, Southampton. 
1884. fBarlx^au, F. .1. Montreal, Canada. 

1866. 4 Barber, John. Lonpf-row, Nottingham. 

1884. IBarher, Key. S. E. West Hay nh am Rectory, Swaffham, Norfolk. 
1890. *Barber-Starkey, W. .1. S. Alderiliam Park, Bridgnorth, Salop. 
1861. *Barbour, George. Bolesworth Castle, Tattenhall, Chester. 

1855. ^Barclay, Andrew. Kilmarnock, Scotland. 

1804. §Barcday, Arthur. 20 Gloucc.^ter-road, South Kensington, S.W. 
1871. fBarclay, Gecn-ge. 17 Coates-crescent, Edinburgh. 

1852. ^Barclay, J. Gurney. 54 Lombard-street, E.C. 

1860. ^Barclay, Robert. High Leigh, Hoddesden, Herts. 

1887. ^Barclay, Robert. Sedgley New Hall, Prestwich, INIanchester. 

1886. t:Barclay, Thomas. 17 Bull-street, Birmingliain. 

1881. :|Barfoot, William, J.P. Whelford-pl ace, Leicester. 

1882. tT^arford, J. 1). Above Bar, Southampton. 

1886. tBarham, F. F. Bank of England, Birmingham. 

1800. :(: Barker, Alfred, M.A., B Sc. Aske’s Hatcham School, New Cross, S.E, 

1860. *Bai'ker, Rev. Arthur Alcock, B.J). East Bridgford Rectory^ 

Nottingham. # 

1882. ^Barker, Miss ,1. M. Hexham House, Hexbaiii. 

1870. *Barker, Rev. Philip 0., M.A., LL.B. The Vicarage, Yatton, Bristol, 
1870. JBarkly, Sir TIrnry, G.C.M.G., K C.B., E.R.S., F.R.G.S. 1 Bina- 
gardens. South Kensington, S.W. r 

1886. |Barling, Gilbert. 85 Edmund-street, Edgbaston, Birmingham. 

1873. JBarlow, Crawford, B.A., JM.Inst.tkE. 53 Yictoria-street, West- 
minster, S.W. 

1880. §Barlow, H. W. L., INI. A., M.B., F.(!.S. Holly Bank, Croftsbank- 

road, Urmston, near Manchester. 

1883. |Barlow, J. .1. 37 Park-street, South])ort. 

1878. JBarlow, John, M.J)., Professoi of Physiology in Anderson’s Col- 
lege, Glasgow. 

1883. ^Barlow, John R. Greenthorne, near Bolton 
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1894 *Braby, Ivon. Bushey Lodge, 4Vddington, Middlesex. 

1898! §Bradley, F. L. Bel Air, Alderley Edge, Che.sliire. 

1892. §Bradshaw, AV. (karishrooke House', The Park, Nottingham. 

1867* %rady, Ohevne, AI.R.I.A. Trinity Vicarage, AVest Bromwich. ' 
1868. tBRAUY, Geokoe S., M.D., T.L.D., F.R.S., Professor of Natural 
History in the Durham College of Science, Newcastle-on-Tyne. 
2 Alowbray-villaa, Sunderland. 

1880. *Brady, Rev. Nicholas, M.A. Rainham Hall, Rainham, S.O., Essex. 
1864 PnrLTP. 8 Cohden-mansions, Stockwell-road, S.E. 

iHSs! §Braikenriage, W. .1., .7.P. 16 RoyaUire.scent, Bath. 

1865. §Bramwell, Sir Freuerick J., Bart., D.(\L., LL.D., F.R.S., 
M.lnst.C.E. 5 Great George-street, S.AV. 


2. tBramwell, AVilliam J. 17 Prince Albert-street, Brighton. 

7 tRvand, AVilliam. Milnelield, Dundee. 

1. *Brandreth, Rev, Henry. The Rectory, Dickleburgh. 

5. *Bratby, William, J.P. Oaklield Hale, Altrincham, Cheshire. 

X ’"Bray, (leorge. Belmont, Headingley, Leeds, 
h tRrehiridge, Elias. 17 Bloomsbury-square, W.C. 

^! tBrent, Francis. 19 Clarendon-place, Plynmuth. 
i. *Bretherton, 0. E. Goldsmith-buildings, Temple, E.O. 

5. IBrettell, Thomas. Dudley. 

[ tBrice, Arthur Montefiore, F.G.S., F.R.G.S. 159 Strand, W.C. 
)!§§Bridg0, T. AV,, M.A., D.Sc., Professor of Zoology in the Mason 
Science College, Birmingham. 

). "Bridson, Joseph R. Bryerswood, AViudermere. 
h fBrierley, John, J.P. The Clough, Whitefield, Alanchester. 

>! tBrierley" Joseph. New Alarket-street, Blackburn, 
l! IBrierley, Leonard. Soraerset-road, Edgbaston, Birmingham. 

> IBrierley, Morgan. Denshaw House, Saddle Avortli. 

I *Brtgg,"John, Al.P. Kildwick Hall, Keighley, Yorkshire. 

>! A- Ki^^wick Hall, Keighley, Yorkshire. 

I tBright, Joseph. Western-terrace, The Park, Nottingham, 
r IBrine, Admiral Lindesay, F.R.G.S. United Service Club, Pall Mall, 

kw. 

h§§Bri8Coe, Albert E., A.R.C.Sc., B.Sc. Battersea Polytechnic, S.AV. 
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1884. jNI. II. 424 St. I’aiil-street, Montreal, Canada. 

1870. ^IIiiTTT\iisr, W. II., J.P., F.Jl.d.S. Alma Works, Sheilield. 

LS78. tLritten, James, F.L.S. Department of Botany, British ^luseum, S.W. 
1884. ^Brittle, John It., M.Inst.C.E., F.U.S.E.* 0 Vanhru^-h-hiU, Black- 
hoatli, S. E. 

1897. §I3rock, VV. It. I'oronto. 

1800. ^Brocklehurst, 8. Olinda, Sefton Bark, Liverpool. 

L850. *Bii,or>niJKH’i, Beknaiid Edwakd, F.U.C.S. 20 Grosvenor-street, 
Grosvenor-square, \V. 

L880. *BrotUe, David, JNl.D. 12 Fatton-road, Wandswoith (kniotion, S.W, 
L884. |Brodi(‘, William, M.D. 01 Lafayette-av(‘iiue, Detroit, Michigan, 
U.S A. 

L883. *Brodie-Ilall, Miss W. 1.. The Core, Easthoiirne. 
i 881. §§ Brook, Rola^rt G. Wolverhampton House, 8t. Helens, lianca- 
sliire. 

!804. *Brooke, Yen. Archdeacon ,T. Ingham. The Vicarage, Halifax. 

L888. {Brooke, Rev. Canon It. E., M.A. 14 Marlboroiigli-buildings, 
Bath. 

887. §Brooks, James Howard. Elm Hir.st, Wilinslow, near Man- 
chester. 

800. {Brooks, John Crosscv 14 Lovninc-place, Newcastle-on-Tyiie. 

887. I Brooks, 8. H. 81ade Hoii.^e, fievenshnlme, Manchester. 

887. *Bros, W. Law. Camera Club, (Jharing-cro^s-road, W.C 

880. *Brothertoii, E. A Artliington Hall, via Leeds 

880. *Brough, ]\[rs. (diaries 8. Ro.sendale Hall, West Dulwich, 8.E. 
880.§§ Brough, Professor Joseph, LL.M., Professor of Logic and Philosophy 
in University College, Aberystwith. 

885. *Browett, Alfred. 2t) WheeleyVroad, Birmingham. 

803. *Brown, Alexander Crum, M.D., IjI..!)., F.R.8., IMLS.E., F.C.S., 
Pro lessor of Chemistry in the University of Edinburgh. 8 Bel- 
grave-crescent, Edinburgh. 

892. {Brown, Andrew, M.Inst.C.E. Messrs. Wm. Simons Co., Renfrew, 
near Glasgow. 

80G.§§ Brown, A. T. The Nunnery, St. Michael’s Hamlet, Liverpool. 

807. {Brown, Sir Charles Gage, M D., K.C.M.G. 88 Sloane-street, S.W. 
855. fBrowii, (yoliii. 192 Hop«-street, GlasgoAV. 

871. fBrowii, David. Willowhrai* House, ^Ii<llotliian. 

800. * Brown, Rev. Dixeii. Uiitliank Hall, Ilallvvhistle, Carlisle. 

880. {Brown, Mrs Ellen F. Campbell. 27 Abercromh\ -square, Uverpool. 

881. {Brown, Frederick 1). 20 St. Giles’s-street, Oxford 

880. {Brown, George Dran.stield. Henley Villa, Ealing, Middlesex, W. 
883. {Brown, Mrs H. Bieiiz. 02 Stanlev-street, Aberdeen. 

880. {Brown, Mrs. Helen. Canaan-grove, NewLxttle-terrace, Edinburgh. 
870. § Brown, Horace T., F.R.S., F.dS., F.G.S. 52 Ne^ erii-square, S.W, 
Brown, Hugh. Broadstone, Ayrshire. 

880. {Brown, Miss Isabella Sjiring. Canaan-grove, Nowbatlle-terrace, 

Edinburgh. 

895. {Brown, J. Allen, J.P.,F R.G.S.,F.G S. 7 Keiit-gardens, Ealing, W, 
870. *Brown, Professor J. Camphell, D.Sc., F.O.S. University College, 
Liverpool. 

876. §Brown, Jolin. Jjonghur.sl, Dunmnrry, Belfast. 

881. *Brown, Jolin, M.D. 08 Bank-panide, Burnley, Lancashire. 

882. *Browu, John. 7 Second-avenue, Sheivvood Rise, Nottingham. 

895. *Brown, John Cliarles. 7 Second-avenue, Nottingham. 

859. {Brown, Rev. John Croinhie, LL.D. Haddington, NJL 
89 L {Brown, J. H. 0 Cambridge-road, Brighton. 

882. *Brown, Mrs. Mary. 68 Bank-parade, Burnley, Lancashire. 

1897, B 
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1897. §Brown, Price, M.B. 37 Carl ton-street, Toronto, Canada. 

1886. §Brown, R., R.N. Laurel Bank, Barnhill, Perth. 

1863. Ralph. Lambton’s Bank, Newcastle-upon-Tyne. 

1897. § Brown, Richard. Jarvis-streel, Toronto, Canada. 

1896.§§Browii, Stewart II. Quarry Bank, Allerton, Liverpool. 

1891. §Brovvn, T. Foustek, M.Inst.C.E., F.G.S. (luild Flail Chambers, 

Cardifl. 

1865. ^Brown, William. 41 a Now-street, Birmingham. 

1885. IBrown, W. A. The Court House, Aberdeen. 

1884. jBrown, William George. Ivy, Albemarle Co., Virginia, U.S.A. 
1863. IBrowne, Sir Benjamin Chapman, jNF.lii.st.C.E. Westacres, New- 
castle-upon-Tyne. 

1892. IBrowne, Harold Crichton. Crindon, Dumfiies. 

1895. *Browne, Henry Taylor. 10 Hyde Park-ten ace, W. 

1879. |BKOwNE,Sir.T.CRiCiitoN,M.I).,LL 1)., F.R.S.,F.R.S.E. 61 Carlisle- 

place-mansions, Victoria-street, S W. 

1891. §§Bkowne, Montaou, F.G.S. Town Mu.'^eiim, Leicester. 

1862. *Browne, Robert Clayton, M.A. Sandbrook, Ikillow, Co. Carlow, 

Ireland. 

1872. JBrowne, R. ^Facklev, F.G S. Redcot, Bradbourne, Seumoaks, Kent. 

1887. IBrownell, T. W. 6 St. ,I arae^^’s-square, ^lanchester. 

1866. ^Browning, .John, F. R A S. 63 Strand, W.C. 

1883. ^Browning, O.-icar, M.A. King’s College, Cambridge. 

1855. tBrownlee, James, jun 30 Burubank-gardens, Glasgow. 

1892. t Bruce, .lames. 10 Hill-street, Fdinbnrgli. 

1893. tBruce, William S. University Hall, RiddJe’s-court, hldinburgli. 

1863. *Brnnel, H. ]M., M.Inst.C.E. 21 Uelabu} -street, Westminster, S.W. 

1863. Uevofis]iirp-t(^rrace, W. 

1875. IBrunlees, .Tohn. 5 Victoria-street, Westminster, S. W. 

1896. * Brunner, Sir J. T., Bart., M.P. Druid’s Wavertree, TJver- 

pool. 

1868. IBrunton, T. Lauder, M.I)., D.Sc., F.ll.xS. "0 Stratford-jdace, 
Oxford-st refit, W . 

1897. ♦Brush, Charles F. Cleveland, Ohio, IhS.A. 

1878. §Briitton, Jo^^eph. Yeovil. 

1886, *Bryan, G. H., I) Sc., F.R.S., Profe.ssor of INlatlicmatics in 

University College, Bangor. 

1894. §§Bryan, Mrs. B. P. Thornlea. Tniinpington-road, Cambridge. 

1884. IBrvce, Rev. Prore.ssor George, Wiimipeir, (’anada. 

1897. §BRycE, Right Hon. James, D.C.l.., M P., F.R.S. 54 Portland- 
place, W. 

1894. JBrydone, R. M. l*et worth, Sussex. 

1890. §Bubb, Henry. Ullenwood, near Cheltenham. 

1871. §Buchan, Alexander, ^t.A., LL I) , F.R.S. F., Sec. Scottish 
Meteorological Society. 42 ILnlot-row, Edinburgh. 

1867. I Buchan, Thomas. Strawhervy Bank, Dundee. 

1881. ^Buchanan, .lolin 11,, M.I). Sowerby, Thirak. 

1871. tBucnANAN, .JOTTN YoTjNo, M.A., F.R.S., F.R.S.E., F.B.G.S., F.G.S. 

1 0 Moray-place, Iklinburgh. 

1884. :|;Buclianan, W. Frederick. Winnipf'g, Canada. 

1883. |BiK*kland, INIiss A. W. 5 Beaumont-crescent, West Kensington, W. 

1886. * Buckle, Edmund \V. 23 Bedford-row, W.C. 

1866. *Buekley, Henry. 18 I’rinees-street, Cavendish-s(|uare, W. 

1886. § Buckle}', Samucd. Merle wood, Beaver Park, Didshiiry. 

1884. ♦Backma.'^ter, Charles Alexander, M.A., F.C.S, 16 Heathtiehl-road, 

Mill Hill Park, W. 

1880, JBuckney, Thomas, F.R.A.S. 53 Gower-street, W.C. 
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]861. *Btjcktok, Oeohge Bowdler, F.K.S., F.L.S., F.C.S. Weycoinbe, 
Haslemere, Siirrey. 

1887. IBiidenberg, C. F., B.Sc. Buckau Villa^ Demesne-road, Wlialley 

llari{?e, Manchester. 

1875. IBiidfrett, Samuel. Penryn, Beckenham, Kent. 

1883. iBuick, Rev. Geovjre B., M.vV. Oullybackey, Co. Antrim, Ireland. 
1893. §Bijlleid, Arl'kur. Glastonlmry. 

1871. iBullocb, Matthew. 48 Prinee’s-gate, S.W. 

1881. IBulmer, T. P. Mount- villas, York. 

1883. IBnlpit, Bev. F. W. Crossens Beetory, Southport. 

1865. jBunce, .John Thackray. * JournaP Offict), Now-street, Birmingham. 
1805. iBunte, Dr. Hans. Karlsruhe, Baden. 

1886. §Burbury, S. TI., M.A., F B.S. I New-square, Lincoln's Inn, W.C. 
1842. *Biird, .John. Glen Lodge, Knocknerea, Sligo. 

1875. :};Biirder, .Tohn, iAl.T). 7 South-parade, Bristol. 

1869. tBurdett-Oontts, Baroness. 1 Strattoii-street, Piccadilly, \V. 

1881. |Burdott-Contts, W. L. A. B , M.P. 1 Stratton-street, Piccadilly, W. 
1801. IBurge, Very Bev. T. A. Ampleforth I'ottage, near York. 

1894 Burke, .Tohn. Owens Oolh'ge, Manchester. 

1884. ^Borland, Lieut. -Col. Jetlrey II. 821 Sherbrook-street , Montreal, 

Canada. 

1888. IBurne, IT. Holland, 28 Marlborongh-buildings, Bath. 

1883. *Burne, IMajor-C'hmeral Sir Owen Tudor, G C S.l., (M.F., F.B.G.S. 

1.32 Silt herlaiid-gardens, Maida Vale, \V. 

1876. •IBiirnet, .John. 14 Victoria-crescent, Dowanhill, Glasgow. 

1885. *Biirnett, W. Kendall, M.A. IJ Belmont-.stree1 , Aberdeen. 

1877. tBurns, Da\id. Alston, Carlisle. 

1884. t Burns, Professor .lames Austin. Southein Medical College, Atlanta, 

Goorgiii, U.S.A. 

1887. f Burroughs, Kgoleston, M.D. Snow llill-hinldings, F.( ^ 

1883. ^Burrows, Abraham. Bussell House, Bhvl, North Wales. 

1860. ^Burrows, Montague, M.A., Professor of Modern History, Oxford, 
1804. iBurstall, 11 V. \V. 76 Kings-road, Ckiinden-road, N. \V. 

1801. I Burt, J. J. 103) Boath-road, Cavditf. 

1888. fBurt, .lolin Mowloin. 3 St. John’^-gardens, Kensington, AV. 

1888. |Burt, Mrs. 3 St .Tohn’s-gardens, Kensington. W. 

1804. |Burtoii, ( Miarles V. 24 Wim pole -.street, VV 

1866. *Bttrton, Kredeiuck M., F LS , FG.S. Ili 'litield, Gainsborough. 

1889. IBnrton, Bev B. Lingen. Little Aston, Sutton (’oldfield. 

1897. §Bnrton, S. H , M.B 50 St. Giles’s-street, Norwich. 

1802. lBurton-B^()^^ 1 % (tolomd Alexander, BA., F.B.A.S., F.G.S. St, 

George’s (dub, Hanovi'r-square, W 

1807. §Burwash, Bev, N., TAj.D., Principal of Vietoroi University, 
Toronto, (dinada. 

1887. *Burv, Henry. Trinity College, Cambridge. 

1895. §Bushe, Colonel K., FG S Brainhope, Old Charlton, Kent. 

1878. fBniTiiER, .1. G., M.A. 22 CoiliuRrham-plaee, S AV. 

1884. ^Butcher, William Deane, ]ST.B.( \S.Fng. Clydesdale, Windsor. 

1884. |Bathu‘, Matthew I. Niipanee, Ontario, Canada 

1888. tButtanshaw, Bev. .Tohn. 22 St. James's-sipiare, Bath. 

1884. *Butterworth, W. Greenhill, Church-lane, Harpurhey, xMan- 
ehester. 

1872. t Buxton, Charles Louis. Cromer, Norfolk. 

1883. f Buxton, Miss h\ M. Newnham (Adlege, Cambridge. 

1887. * Buxton, . I. H. Cliiinber Cottago, Montaizue-road, Felixstowe. 

1868. IBuxtoii, S. Gurney. Cation Hall, Norwich. 

1881. IBiixton, SydiU'V. 15 Faton-place, S.W. 
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1872. ^Buxtou, Sir 'J'hoina.s Fowoll, Bart., K.tMNf.ti , F.R.Cr^'^- VV’^arlies, 
Wealth am Abbi^y, Jil.ss<^x. 

1854. lf>YEiiLiJY, Isaac, F.L.S. 22 niiijrF-laiie, Toxteth-parkl, Liverpool. 
1885. IByres, David. 05 North Bradford, Aberdeen. 

1852. IByrne, Very Ilev. Jaine.s. Fip’eQut'h Rectory, Oma^h. 

1885, IB^rom, .Toiin R. Mere Ihink, Fairlield^ near iNlaucliestei’. 


1880. i;Cackett, .Tamos Tbobnrn. (>0 liarkspur-terrace, Newcastle-upon-Tyne. 
1802. |0ad(‘ll, Henry M., B.Sc , F.IhS.Ih Grange, Bo’ne‘ss, 

1804. ifCaillard, Miss hh M. Wmiiflield House, near Ibowhridgo, Wilts. 
180.5. tOaird, Edward. Finnart, Dumbartonshire. 

1801. *Oaird, James Key. 8 Majrdalene-road, Dundee, 

1880. * (Jnldxoellf WilUnm liny. Camhridye, 

1808. lOaley, A. J. Norwicii. 

1857. }.Callan, Rev. N. J., Jholessor of Natural I’liilosopliy iu Mayuooth 

Oolle^m. 

1887. |(Allaw\y, OiiATtiJos, M.A., D.Sc., F.G.S. 55 Iluskisson-street, 

Liverpool. 

1897. §Cat.len nnu, Professor Iliruii L, F.R.8. 02 Ilutchiiifeon-street, 

Montreal, Canada. 

1892. :{ Calvert, A F, F RG S. Royston, Eton-avenue, N.W. 

1884. iCameron, yEneas. Yarmouth, Nova Scotia, Canada. 

1870. lOamoroii, Sir Obarles, Bart,, M.D., LL.D. 1 IIujitly-^»-ai’(?ens, 
Glaspfow. 

1857. IOameron, Sir Charles M.D. 15 Pern broke- road, Dublin. 

1800. §Caraeroii, Irving 11. 507 Slievbourne-vStreet , Toronto, (5uuida. 

1881. fOameron, James (^, M.D. 41 Belmont-parh, Montreal, (Unada. 

1870. i Cameron, John, M. I). 17 Rodjiey-street, Liverpool. 

1884. f( Campbell, Archibald II. Toronto, Canada. 

1870. lOampbell, dames A,, LL.D., M.P. Stracathro House, Brechin. 

Campbell, John Archibald, M.D., F.R.S.E. Alljyn-place, 
Edinburgh. 

1897. §Campbell, IMajor J. C. L New Club, Edinburgh. 

J897. §Campion, B. \V. (Queen's College, Cambridge. 

1882. JCand}'^, F. TI. 71 High-street, Southampton. 

1890. :|;0aniiaii, Edwin, M.A., F\S.S. 24 St. Giles's_, Oxford. 

1897. §Cannoii, Herbert. Erith, Kent. 

1888. fCappel, Sir Allau-t J. Jj., K.C.l.E. 27 Kemsington Court-gardens, 

London, W. 

1894. §Capper, D. S , M.A., Professor of Mechanical Engineering in King’s 
College, W.C. 

1880. tdapper, Robert. 18 Parliament-street, Westminster, S.W. 

1885. jCapper, Mrs. R. 18 Parliament-street, Westminster, S W. 

1887. tLapslick, John Walton. University College, Dundee. 

1873. ^Oarbutt, Sir EnwARD Hamer, Bart., M.Tnst.C.K. 19 Hyde Park- 
gardens, W. 

1890. ^Carden, H. V, Lismoro, Lovolace-gardens, Surbiton. 

1877. lOarkeet, John. 5 St. Andrew’s-place, Plymouth. 

1807. JOarmicliael, David ( F]ngineer). Dundee. 

1897. §Carmichael, Norman R. (Queen’s University, Kingston, Ontario, 
Canada. 

1884. f Carnegie, John. Peterborough, Ontario, Canada. 

1884. fCarpentor, Louis G. Agricultural College, Fort Collins, Colorado, 
U.S.A. 

1897. §Carpenter, R. C. Cornell University, Ithaca, New York, U.S.A. 
1854. lOarpenter, Rev. R. Lant, B.A. Bridport. 
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1889. ^Oarr, Ciitlibert Ellison. Hedgeley, Alnwick. 

1893. ICaiT, J. VV^eslej, M A., F.L.S., F.lr.S., Professor of Biology in 

University College, Nottingham. 

1889. tOarr-TUlison, John Ralph. Hedgeley, Alnwick. 

1867. fOutRUTHERs, William, F.R 8 ., F.L.8., F.Q.S. 14 Vermont- 

road, Nurwood- 

1886. IOakslakj], J. Bakham. 30 West li eld-road, Birmingham. 

1883. fCarson, John, ol Royal-avenue, Boltast. 

1837. *Carson, Rev. Joseph, D.D., M.R.l.A. I Trinity College, Dublin 

1868. *Carteighe, Michael, F.C.S., F.T.C. 1^0 Now Bond-strt;et, W. 

1897. §Carter, E. Tremlett. Broadclyst, 53 ( Joudesdale-road, 8.W. 

1866. ICarter, 11. II. The Park, Noltjiigham. 

1855. Ricliard, F.G.S Coekerham Hall, Barnsley, Yorkshire. 

1870. fCarter, Dr. William. 78 Kodney-street, Liverpool. 

1883. ffkirter, W. C. Manchester and Salford Bank, Southport. 

1883. "{(^.artor, Mrs. Manchester and Salford Bank, Southport. 

1896. §Carlwright, Miss Fdith C. 69 Cloiicestcr-road, Kt^w, Surrey. 

1878. *Cartwriglit, Ernest II., M A , M.I). i Courtfield-gardens, S.W. 

1870. § Carl wrig lit, Joshua, M.hist.CkE,, K S.I., Borough and Water 

Engineer. A Ibion-plaee, Bur\ , Lancasliire. 

1862. fCarulla, E. J. R. 84 Argyll-terraee, Derby. 

1894. fCaru'^, Ihiul. La Salle, Jllmois, U S.A. 

1884. *Carver, Rev. ( 'anon Allred J., D.D., I'MLG.S. Lynnhurst, Streatham 

Coniinon, S.W. 

1884, tOarver, xMrs. J^ynnhurst, Strealliam Common, London, S.W. 

1887r kisartelli, Rev. L. C., M.A., Pli.D. St. Bede’s ('ollege, Mauche'ater. 

1897. *CiiHe, VVillaid E. Auburn, New York, U.S.A. 

1896. •C'asey, James. 10 Phdpot-laiit‘, IhC. 

1871. "{C.ish, .Tose])h. Bird -grove, Coventry. 

1873. *Cash, William, E.G S. 35 (kmniR'reial-street, Halifax. 

1897. §Ca.stou, Harry J’Mmonds Eeatliei ston. 340 Bruiiswick-avenue^, 

Tot onto, (kinada. 

1888. H^titer, R, B, Avondale, lleiirKdla Park, Bath. 

1874. ijCaton, Richard, M.D. Eea Hall, Galeacre, Liverpool. 

1859. Roheit. 44 King-street, Aberdeen. 

1886. *Cave-M(»yle.s^ Mrs. Isabella. Devonshire Honsc^, New Malden, 
Surrey. 

(hiyley, Digby. Brornptou, near Scarborough. 

Cayley, Edward Stillingfieet. Wydale, Malton, Yorkshire. 

1871. *Ceeil, Lord Sackville. Hayes Common, Beckenham, Kent. 

1883. tEbad wick, James Percy. 51 Ah‘,\andra-road, Southport. 

1859. jChalmers, John Inglis. Aldbar, Aberdeen. 

1883. fCliamberlain, George, J.P. Helensholme, Birkdalo Park, South- 

port. 

1884, :fClianiherlain, Montague. St. John, New Brunswick, Canada. 

1883. |(.^hnmbers, Mr.^. ColYiha Ob.servatorv, Bombay. 

1883. I0baml)crs, Cliarli'.s, Assoc. M Inst (■ K. tkdaha Observatory, Bombay. 

*Cliamj)ney, Henry Nelson. 4 New-street, Y^ork. 

1881. *(duiinpney, John E. Abchurcli-chambers, JkC. 

1865. fChaiu’c, A. M, Edgbaston, Birmingham. 

1865. ’'‘Chance, James T 1 Grand ^Vvenue, lirighton. 

1886. ^Chance, John Horner. 40 Augustus-road, Edgbaston, Birmingham. 
1865. :{ Chance, Robert Lucas. Chad Hill, Edgbnstoii, Birmingham. 

1888. tChandler, S. Wliitty, B.A. Sherborne, Dorset. 

1861. ^Chapman, IMward, M.A., E.L.S., F.C.S. Hill End, Mottram, Man- 
chester. 

1897. §Chapinan, Edward Henry. 17 St. Ililda’s-terrace, Whitby. 
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1889. Chapman, L. IT. 147 Pai*k-road, Newcastle-upon-Tyne. 

1884. loiiapman, Professor. University College, Toronto, Canada. 

1877. :|:Cbapman, T. Algernon, M.D. 17 We.sley-avenue, Liscard, Cheshire. 
1874 J. J., M.l)., Professor of Anatomy and Physiology in 
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Mineralogy in McGill University, Montreal. University-street, 
Montreal, Canada. 

1872. ^Harris, Alfred. Lunefield, Kirkhy Lonsdale, Westmoreland. 

1888. ^Harris, C. T. 4 Kilhurn Priory, N.W. 

1842. ^Harris, G. W., IVI.Inst.C.E. jMillicent, South Australia. 

1889. §Harris, H. Graham, M.Inst.C.E. 5 Great George-street, West^ 

minster, S.W. 

1884. XHarriSy Miss Katherine E. 73 Albert Hall-mansions^ JS.W. 

1888. fllarrisou, Charles. 20 Lonuox-gardens, S.W. 

1860. fHarrison, Rev. Franci.s, M.A. North Wraxall, Chippenham. 

1864. Ularrison, George. Barn.sley, Yorkshire. 
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1874. tnarrison, G. L. B. 8 Beaufort-road, Clifton, Bristol. 

1868. *IIakkison, J. Park, M.A. 22 Oonnaught-street, Hyde Park, W. 

1892. IHarrison, John. Bockville, Napier-road, Edinburgh. 

1889. § Harrison, J. C. Oxford House, Castle-road, Scarborough. 

1870. ^Harrison, Reginald, F.R.O.S. 6 Lower Berkeley-street, Port- 
inan-square, W. 

1863. tllarrifion, Robert. 36 George-street, Hull. 

1892. JHarrison, Rev. S. N. Ramsay, Isle of Man. 

1895. §§Harrison, Thomas. 48 High-street, Ipswich. 

1886. |:Harrison, W. Jerome, F.G.S. Board School, Icknield-street, Bir- 
mingham. 

1870. *Hart, Thomas. Brooklauds, Blackburn. 

1876. tlTart, W. E. Kilderry, near Londonderry. 

1893. *Hartland, E. Sidney, F.S.A. Highgarth, Gloucester. 

1897. §Hartley, E. G. S. Wheaton Astley Hall, Stafford. 

Hartley, James. Sunderland. 

1871. JHartley, Walter Noel, F.R.S., F.R.S.E., F.O.S., Professor ot 

Chemistry in the Royal College of Science, Dublin. 36 Water- 
loo-road, Dublin. 

1896. §§Hartley, W. P., J.P. Aintree, Livei*pool. 

1886. ^Hartoo, Professor M. M., D.Sc. Queen’s College, Cork. 

1887. :^Hartog, P. J., B.Sc. Owens College, jManchester. 

1897. §IIarvey, Arthur. Rosedale, Toronto, Canada. 

1886. §§Harvie- Brown, J. A. Dunipaee, Larbert, N.B. 

1862, ^Harwood, John. Woodside Mills, Bolton-le-Moors. 

1864. ifHaslam, Rev, George, M.A. Trinity College, Toronto, Canada. 
1882. tlTaslam, George James, M.D. Owens College, Manchester. 

1893. ^Tlaslam, Lewis 44 Evelyn-gardens, S.W. 

1876. ^Hastings, G. W. 23 Ken sing ton-square, W. 

1889. latch, E. H,, Ph.D., F.G.S. 28 Jermvn-street, S.W. 

1893. tHatton, John li. S. People’s Palace, Mile End-road, E. 

1887. ^Hawkins, William. Earlstoii House, Broughton Park, Manchester. 

1872. ^Hawkshaw, Henry Paul. 68 Jermyii-street, St. James’s, S.W. 
1864. HIawkshaw, John Clarke, M.A.,"M.Inst.C.E., F.G.S. 2 Down- 

street, W., and 33 Great George-street, S.W. 

1897. §IIawksley, Charles. (50 Porchester-terrace, W. 

1884. *IIaworth, Ahraham. Ililstoii House, Altrincham. 

1889. f Haworth, George C. Ordsal, Salford. 

1887. *Tlaworth, Jesse. Woodside, Bowdon, Cheshire. 

1887. lllaworth, S. E. Warsley-road, Swinton, Manchester. 

1886. :| Haworth, Rev. T. J. Albert Cottage, Saltley, Birmingham. 

1890. jllawtin, .1. N. Sturdie House, Roundhay-road, Leeds. 

1877. tHay, Arthur .1 . Lerwick, Shetland. 

1861. *I1ay, Admiral the Riirht Hon. Sir John C. D., Bart., K.C.B., 
D.C.L,. E.R.S. 108 St. George’ s-sqiiare, S.W. 

1 886. *Haycraft, John Berry, M.l ) , B.Sc., E.R.S.E., Professor of Physiology, 
University College, Cardiff. 

1891. fllayde. Rev. J. St. Peter’s, Cardiff. 

1894. tITayes, Edward Harold. 6 Rawlinson-road, Oxford. 

1896. ^Hayes, Rev F. C. The Rectory, Rahenv, Dublin. 

1896. §Hayea, William. Fernyhurst, Rathgar, Dublin. 

1873. *llaye3, Rev. William A., M.A. Dromore, Co. Down, Ireland. 

1868. ^Hayward, R. B , M. A., F.R.S. Asbcombe, Shanklin, Isle of Wight. 
1806. *Haywood, A. G. Itearsby, Merrilocks-road, Blundellsands. 

1879. ^Hazelliurst, George S. The Grange, Jfock Ferry. 

1851. §IIead, .Ierehiah, M.Inst.C.E., F.C.S. 47 Victoria- street, West- 
minster, S.W. 
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1883. JHeadley, Frederick Ilalcombe. Manor House, Petersham, S.W. 
1883. };Headley, Mrs. Marian. Manor House, Petersham, S.W. 

1883. §Headley, Rev. Tantield George. Manor House, Petersham, S.W. 
1871. §nealey, George. Brantfield, Bowness, Windermere. 

1883. *neap, Ralph, jun. 1 Brick-court, Temple, E.G 
1861. ^Heape, Benjamin. North wood, Prostwich, Manchester. 

1883. ^Heape, Charles. Tovrak, Oxton, (yheshire. 

1883. Jlleape, Joseph R. 96 Tweedale-street, Rochdale. 

1882. *ileape, Walter, M.A. Hoyroun, Obaucer-road, Cambridge. 

1877. Jllearder, Henry Pollington. Westwell-street, Plymouth. 

1877. IHearder, William Keep. 195 Union-street, Plymouth. 

1883. :('Heath, Dr. 46 Hoghton-street, Southport. 

1866. Rev. D. J. Esher, Surrey. 

1884. :j:Heath, Thomas, B.A. Royal Observatory, Edinburgh. 

1883. JHeaton, Charles. Marlborough House, Hesketh I’ark, Southport. 
1865. JHeaton, Harry. Ilarborne Ilouse, Harborne, Birmingham. 

1892. *Heaton, William H., M.A., Professor of Physics in University 
College, Nottingham. 

1889. ^Heaviside, Arthur West. 7 Grafton-road, Whitley, Newcastle-upon- 
Tyne. 

1884. §Heaviside, Rev. George, B.A., F.R.G.S., F.R.Hist.S. 7 Grosvenor- 

street, Coventry. 

1888. *IIeawood, Edward, M.A. 3 Underhill-road, Lordship-lane, S.E. 
1888. *IIeawood, Percy Y., Lecturer in Mathematics at Durham University. 
41 Old El vet, Durham. 

1865. triECTOR, Sir James, K.O.M.G., M.D., F.R.S., F.G.S., Director 
of the Geological Survey of New Zealand. Wellington, New 
Zealand. 

1887. * Hedges, Killing worth, M.Inst.C.E. Wootton Lodge, 30 Streat- 
ham hill, S.W. 

1881. ’^Hele-Shaw, TI. S., LL.D., M.Inst.C.E., Professor of Engineering 
in University College, Liverpool. 20 Waverley-road, Liverpool. 
1897. §nely-Hutchinson, John, Seafield, Donahate, Dublin. 

1887. §IIembry, Frederick William, F.R.M.S, Langford, Sidcup, Kent. 
1897. § I lemming, G. W., Q.C. 2 EarFs Court-square, S.W. 

1867. Alexander. Dundee. 

1873. ^Henderson, A. L. 277 Lewisham High-road, S.E. 

1883, Jllenderson, Mrs. A. L. 277 Lewisham High-road, S.E. 

1891. *Henderson, G. G., D.Sc., M. A.,r.O,S,,E.l.C., Professor of Chemistry 

in the Glasgow and West of Scotland Technical College. 204 
George-street, Glasgow. 

1892. Henderson, John. 3 St. Catherinc-place, Grange, Edinburgh. 

1885. i Henderson, Sir William. Devanha House, Aberdeen. 

1880. ^Henderson, Captain W. H., R.N. 21 Albert Hall-mansions, Ken- 
sington, S.W. 

1896. §§ Henderson, W. Savllle, B.Sc. Beech Hill, Fairfield, Liverpool. 
1892. §Henigan, Richard. Alma-road, Tlie Avenue, Southampton. 

1856. fllENNEssY, Henry G., F.R.S., M.R.I.A. Clarens, Montreux, 
Switzerland, 

1873. *IIenrici, Olatjs M. E. E., Ph.D., E.R.S., Professor of 'Mechanics 
and Mathematics in the City and Guilds of London Institute. 
Central Institution, Exhibition-road, S.W. 34 Clarendon- 
road, Nottiug Hill, W. 

Henry, Franklin. Portland- street, Manchester. 

Henry, Mitchell. Stratbeden House, Hyde Park, W. 

1892. David, M.D., E.R.S.E. The University, Edinburgh. 

1865. » Hepburn, J. Gotch, LL.B., F.C.S. Oakfiekl Cottage, Hartford, Kent. 
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1866. ^Hepburn, Robert. 9 Portland-place, W. 

1890. iHepper, J. 43 Oardigan-road, lleadingley, Leeds. 

1890. iHepwortb, Joseph. 26 Wellington-street, Leeds. 

1892. *HEiiBEBTSON, Ajtdrew j. Colinton, Midlothian. 

1887. *Hebdman, VVilliam A.,D.Sc., F.R.S., F.R.S.E., F.L.S., Professor 
of Natural History in University College, Liverpool. Croxteth 
Lodge, Sefton Park, Liverpool. 

1893. *Herdman, Mrs. Croxteth Lodge, Sefton Park, Liverpool. 

1891. :|;Hern, S. South Cliff, Marine Parade, Penarlh. 

1871. *Hebschel, Alexander S., M.A., D.C.L., F.R.S., F.R. A. S., Honorary 
Professor of Physics and Experimental Philosophy in the Uni- 
versity of Durham. Observatory House, Slough, Rucks. 

1874. §Hek8CHEL, Colonel John, R.E., F.R.S., F.R.A.S. Observatory 
House, Slough, Bucks. 

1896. §He8keth, James. Scarisbrick Avenue- buildings, 107 Lord-street,. 
Southport. 

1894. JHewetson, O. H. 39 Ilenley-road, Ipswich. 

1890. JHewetson, H. Bendelack, M.R.O.S., F.L.S. 11 Hanover-square,. 
Leeds. 

1884. XHewetty Georqe Edivin. CoUwold Houses St. John's Wood "Parky 

N.W. 

1894. JHewinSjW. A.S.,M.A.,F.S.S. 26Cheyne-row, Chelsea, S.W. 

1896. §Hewitt, David Basil. Oakleigh, Northwich, Cheshire. 

1893. JHewitt, Thomas P. Eccleston Park, Prescot, Lancashire. 

1883. tHewson, Thomas. Care of J. C. 0. Payne, Esq., Botanic-avenue, 

1 The Plains, Belfast. 

1882. IHeycock, Chables T., M.A., F.R.S. King’s College, Cambridge. 

1883. §Heyes, Rev. ,Tohn Frederick, M.A., F.C.S., F.R.G.S. Sworford, 

Enstone, Oxfordshire. 

1866. *Heymann, AllDert. West Bridgford, Nottinghamshire. 

1897. §Hey8, Thomas, 130 King-street West, Toronto, Canada. 

1861. * Hey wood, Arthur Henry. Elleray, Windermere. 

1879. ^Heywood, Sir A. Percival, Bart. Dufiield J3auk, Derby. 

1886. §I1eywood, Hknky, J.P., F.C.S. Witla Court, near Cardiff. 

1887. ifHeywood, Robert. Mayfield, Victoria Park, IVlanchester. 

1888. fHichens, .Tames Harvey, M.A., F.G.S. The College, Cheltenham. 

1876. JHicks, it., M.D., F.R.S., Pres.G.S. Hendon Grove, Ifendon, N.W. 

1877. §Htck 8, Professor W. M., M.A., D.Sc., F.R.S. , Principal of Firth 

College, Sheffield. Firth College, Sheffield. 

1886. jHicks, Mrs. W. M. Dimheved, Endclifte-crescent, Sheffield. 

1884. JHickson, Joseph. 272 Mountain-street, Montreal, Canada. 

1887. *Htck80N, Sydney J., M.A., D.Sc., F.R.S., Professor of Zoology in 

Owens College, Manchester. 

1864. *HrEBN, W. P., M.A. Castle House, Barnstaple. 

1876. l;Higgins, Charles Hayes, M.D., M.R.C.P., F.R.O.S., F.R.S. E. Alfred 
House, Birkenhead, 

1871. \IIigginSj Clement^ B.A. 6 Trehovir-road, Earl's Court, S. W. 

1891. §Higgs, Henry, TX.B,, F.S.S. 12 Lyndhurat-road,Harapi?teiid,N.W. 
Hildyard, Rev. James, B.D., F.O.P.S. Ingoldsby, near Grantham, 
Lincolnshire. 

3804. §Hill, Rev. A. Du Boulay. Tlie Vicarage, Downton, Wilts. 

1885. ^llill, Alexander, M.A., Sl.D. Downing College, Cambridge, 

Hlill, Rev. Canon Edward, M.A., F.G.S. Sheering Rectory, 

Harlow. 

1881. •Hill, Rev. Edwin, M.A., F.G.S. The Rectory, Cockfield, Bury 
St. Edmunds. 

1887. JHill, G. H., F.G.S. Albert-chambers, Albert-square, Manchester. 
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1884. Rev. James Edgar, M.A., B.D. 2488 St. Catherine-street, 

Montreal, Canada. 

1886. tHiLL, M. J. M., M.A., 13.Sc., F.R.S., Professor of Pure Mathematics 
in University College, W.G. 

1886. *11111, Sidney. Langford House, Langford, Bristol. 

1888. tllill, William. Hitchin, Herts. 

1876. tllill, William H. Barlanark, Shettleston, N.B. 

1886. MIinLHousE, William, M.A., F.L.S., Professor of Botany in Mason 
Science College. 16 Duchess- road, Edgbaston, Birmingham. 

1886. §riillier, Rev. hk J. Cardington Vicarage, near Bedford. 

1863. ^Hills, F. C. Chemical Works, Deptford, Kent, S.E. 

1887. ^Hilton, Edwin, Oak Bank, Fallowheld, Manchester. 

1868. JHincks, Rev. Thomas, B.A., F.R.S. Stokeleigh, Leigh Woods, 
Clifton, Bristol. 

1870. JIIiNDE, G. J., Ph.D., F.R.S., E\G.S. Ivythorn, Avondale-road, 
Croydon, Surrey. 

1883. *Hindle, James Henry. 8 Cobham-street, Accrington. 

1888. Hlindmarsh, William Thomas, F.L.S. Alnbank, Alnwick. 

1886. ^lingley. Sir Benjamin, Bart. Hatherton Lodge, Cradley, Wor- 

cestershire. 

1881. IHingston, J. T. Clifton, York. 

1884. j^HiNGSTON, Sir William Hales, M.*t)., D.C.L. 37 Union-avenue, 

Montreal, Canada. 

1884. iHirschfilder, O. A Toronto, Canada. 

1890. *Hir8t, James Andus. Adel Tower, Leeds. 

1868. ^Hirst, John, jun. Dobcross, near Manchester. * 

1881. §IIobbes, Robert George, M.R.I. Livingstone House, 374 Wands- 
worth-road, S W. 

1879. tHobkirk, Charles P., F.L.S. Hill House, Park-road, Dewsbury. 

1887. *Hobson, Bernard, B.Sc., F.G.S. Tapton Elms, Sheffield. 

1883. t Hobson, Mrs. Carey. 5 Beaumont-crescent, West Kensington, W. 
1883. IHobson, Rev, E. W. 66 Albert-road, Southport. 

1877. tHockin, Edward. Pougbill, Stratton, Cornwall, 

1883. fllocking, Rev. Silas K. 21 Scarisbrick New-road, Southport. 

1877. JHodge, Rev. .lohn Mackey, M.A. 38 Tavistock- place, Plymouth. 
1876. illodges, Frederick W. Queeifs College, Belfast. 

1852. illodges, John F., M.D., F.O.S., Professor of Agriculture in Queen’s 
College, Belfast. 

1863. *Hod(4 KIN, Thomas, B. A., D.C.L. Benwell Dene, Newcastle-upon-Tyne. 
1887. Hlodgkinsun, Alexander, M.B., B.Sc., Lecturer on Laryngology at 
‘ Owens C'ollegc, Manchester. 18 St. John-street, Manchester. 

1806,§§Hodgkinsoii, Arnold. 10 Albert-road, Southport. 

1880. §Hodgkmson, W. R. Eaton, Ph.D., F.R.S.E , F.G.S., Professor of 

Chemistry and Physics in the Royal Artillery College, Woolwich. 

8 Park-villas, Blackheath, S.E. 

1884. iHodgson, Jonathan. Montreal, Canada. 

1863. Illodgson, Robert. Whitburn, Sunderland. 

1863. I Hodgson, R. W. 7 Sandhill, Newcastle-upon-Tyne. 

1896.§§FIodgson, Dr. Wm., J.P. Helensville, Crewe. 

1894.§§lTogg, A. F. 4 Cliffe-terrace, Darlington. 

1894.§§Holah, Ernest. 5 Crown-court, Cheapside, E.O. 

1883. iHolden, Fxiward. Laurel Mount, Shipley, Yorkshire. 

1883. tDolden, James. 12 Park-avenue, Southport. 

1883. JHolden, John J. 23 Duke-stree4 Southport. 

1884. Jdolden, Mrs. Mary E. Dunham Ladies^ College, Quebec, Canada, 
1887. *IIolder, Henry William, M.A. Owens College, Manchester. 

Holder, Thomas. 2 Tithebarn- street, Liverpool. 
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1887. ^lloldsworth, 0. J. Hill Top, near Kendal, Westmoreland. 

1801. Jllolgate, Benjamin, F.G.S. Cardigan Villa, Grove-lane, Ilead- 

ingley, Leeds. 

1870. tHolland, Calvert Bernard. Hazel Villa, Thicket-road, Anerle^^, S.E. 
1 896. §§ Holland, Mrs. Hooton. 

"^Hollandy Philip II. *1 Heath-rise^ Willow-road, Hampstead, N. W. 
1889. ^Hollander, Bernard. King’s College, Strand, \V.O. 

1886. IHolliday, J. IL 101 Tlarborne-road, Birmingham. 

1865. Jllolliday, William. New-street, Birmingham. 

1883. j Hollingsworth, Hr. T. S. Ellbrd Lodge, Spring Grove, Isle worth. 

1883. Hlolmes, Mrs. Basil. 5 Freeland-road, Ealing, Middlesex, W". 

1866. •Holmes, Charles. 24 Aberdare-gardens, West Hampstead, N.W. 

1802. tHolnies, Matthew. Netherby, Lenzie, Scotland. 

1882. *HoLMFi3, Thomas Vincent, F.G.S. 28 Crooni’s-hill, Greenwich, S.E. 
1896.§§Holt, William Henry. 11 Awhville-road, Birkenhead. 

1807. §Holterman, R. F. Brantford, Ontario, Canada. 

1801. •Hood, Archibald, M.Tnst.C.E. 42 Newport-road, Cardiff. 

1875. •Hood, John. ( Uiesterton, Cirencester. 

1847. ^Hooker, Sir .Ioseph Dalton, G.O.S.I., C.B., M.l)., D.O.L., LL.D., 
F.R.S., F.Ij.S., b\G.S., F.R.G.S. The Camp, Siumingdale. 

1892. §§Hooker, Reginald IT., iM.A. 3 Gray’s Inn-place, W.C. 

1865. *Hooper, John P. Deepdene, Rut ford-road, Streathain, S.AV. 

1877. *IIooper, Rev. Samuel F., M..\. Holy Trinity Vicarage, Blackheath 

Hill, Greenwich, S.E. 

1856. JHooton, Jonathan. 116 Great Ducie-street, Manchester. 

1842» Hope, Thomas Arthur. 14 Airlie-gardens, Oarapden Hill, W. 

18S4. * Hopkins, Pdivavd M. Orrhaid Dene, Henley-on- 'L hames, 

1865. ]:Hopkins, J. S. JoMuond Grove, Edgbaston, Birmingham. 

18ss4. •IIoPKiNsoN, Ckvhj.es. The Limes, Didshiiry, lu'ar Mancliester. 

1882. •Hopkinson, Edwaid, M.A., D.Sc. Oakloigb, Timperley, Cheshire. 

1870. •Hopkinson, John, M.A., D.Sc., F.R.S. Holmwood, Wimbledon, 

Surrey. 

1871. •Hopkins()N, John, F.L.S., F.G.S., F.R.MetSoc. 34 Margaret- 

street, Cavendish-square, W. ; and The Grange, St. Albans. 

1858. IHoplviuson, Joseph, jun. Britannia Works, Huddersfield. 

1891. [llorder, T. Garrett. 10 Windsor-place, Cardiff. 

Hornby, Hugh. Sandowu, Liverpool. 

1885. JIIoKNB, John, F.R.S.E., F.G.S. Geological Survey Office, Sheriff 

Court-buildings, Edinburgh. 

1875. •Ilorniman, F. J., ]\LP., F.R.G.S , F.L.S. Surrey Mount, Forest 
Hill, S.E. 

1884. •Horsfall, Richard. Stoodley House, Halifax. 

1887. :|;Horsfall, T. 0. Swanscoe Park, near Macclesfield. 

1893. *IIoRaLEY, Victor A. H., B.Sc., F.R.S., F.R.C.S. 25 Cavendish- 

square, W. 

1884. •Hotblack, G. S. Brimdall, Norwich. 

1859. |Hougb, Jo.seph, M.A., F.R.A.S. Codsall Wood, Wolverhampton. 
1896. •Hough, S. S. St. John’s College, Cambridge. 

1886. I Houghton, F. T. S., M.A., F.G.S. 188 Hagley-road, Edg’baston, 

Birmingham. 

1887. JHoiilds worth, Sir W. II., Bart., ISl.P. Norbury Booths, Kiiutsford. 
1896 §§Hoult, J. South Castle-street, Liverpool. 

18S4. f Houston, William. Legislative IJbrary, Toronto, Canada. 

1883. *IIovenden, Frederick, F.L.S. , F.G.S. Glenlea, Thurlow Park-road, 

West Dulwich, Surrey, S.E. 

189.3. (; Howard, F. T., M.A., F.G.S. University College, Cardiff. 

1883. ^Howard, James Fieldeii, M.D., M.R.C.S. Sandycroft, Shaw. 

1897. B 
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1886. ^Howard, James L.,D. Sc. 86 St. John’a-road, Waterloo, near Liv erpool. 

1887. ^Howard, S. S, 68 Albernarle-road, Beckenham, Kent. 

1882. tHoward, William Frederick, Assoc.M.Iust.O.E. 13 Oavendish- 

street, Chesterfield, Derbyshire. 

1880. IITowatt, David. 3 Birmingham-road, Dudley. 

1876. kilowatt, James. 146 Buchanan-street, Glasgow. 

1885. :|^Howden, James 0., M.D. Sunnyside, Montrose, N.B. 

1889. §Howden, Robert, M.B., Professor of Anatomy in the University of 

Durham College of Medicine, Newcastle-upon-Tyne. 

1867. ^Howell, Henry II., F.G.S., Director of the Geological Survey of 

Great Britain. Geological Survey Office, Rdinbiiroh. 

1868. tHowELL, Rev. Canon Hinds. Drayton Rectory, near Norwich. 

1891 .§§ Howell, Rev. William Charles, M.A., Yicar of Holy Trinity, High 

Cross, Tottenham, Middlesex. 

1886. §Howes, Professor G. B., F.R.S , F.LS. Royal College of Science, 

South Kensington, S.W. 

1884. ^Howland, Edward P., M.D. 211 4H-8treet, Washington, U.S.A 
1884. ^Howland, Oliver Aiken. Toronto, Canada. 

1865. *Howlett, Rev. Frederick, F.R.A.S. East Tisted Rectory, Alton, 
Hants. 

1863. tllowoRTH, Sir H. IL, K.C.I.E.^ M.P., D.C.L., F.R.S., F.S.A. 
Bentcliffe, Eccles, Manchester. 

1883. Illoworth, John, J.P. Springbank, Burnley, Lancashire. 

1883. i Hoyle, James. Blackburn. 

1887. §Hoyle, William E., M.A. Owens (kdlege, Manchester. 

1888. flludd, Alfred E., F.S.A. f)4 Pembroke-road, Clifton, Bristol. 

1888. j Hudson, C. T,, M.A., LL.D., F.R.S. 2 Barton-crescent, Dawlish. 
1894. § Hudson, John E. 125 Milk-street, Boston, Massachusetts, U.S.A. 

1867. “^Hudson, William H. H., M.A., Professor of Mathematics in Kings 

College, London. 15 Altenberg-gardens, Clapham Common, 
S.W. 

1858. *Huggins, Sir William, K.C.B., D.C.L. Oxon ,LL.D Camb., F.K.S., 
F.R.A.S. 90 Upper Tulse Hill, S.W. 

1887. ^Hughes, E. G. 4 Roman-place, Higher Broughton, Manchester. 
1883. §nughes, Miss E. P. Cambridge Teachers’ College, Cambridge. 

1871. ^Hughes, George Pringle, J.P. Middleton Hall, Wooler, Northum- 
berland. 

1887. J Hughes, John Taylor. Thorloymoor, Ashley-road, Altrincham. 

1896. §§ Hughes, John W. New Heys, Allerton, Liverpool. 

1870. *Huglie8, Lewis. Fenwick-chamber.s, Liverpool. 

1891. Ulughes, Thomas, F.C.S. 31 Loudoun-square, Cardiff. 
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1886. * Young, A. 11., INl.B., F.R.C.S., Professor of Anatomy in Owene 

College, JManehestor. 

1884. jY'ouiig, Sir Frederick, K.C.M.G. 5 Queensberry-place, S.W. 

1894. * Young, Gi'orge, Ph.D. Firth College, Sheffield. 

1884. |:Young, Professor George Paxton. 3 21 Bloor-street, Toronto, 

Canada. 

1876. |Young, .John, M.D., Profesvsor of Natural History in the University 

of Glasgow. 38 Oecil-street, Hillhead, Glasgow. 

1896.§§Young, J. Denholm. 88 Canning-street, Liverpool. 

1885. j: Young, R. Bruce. 8 Crown-gardens, Dowanhill, Glasgow. 

1886. §Young, R. Fisher. New Barnet, Herts. 

1883. *Young, Sydney, D.Se., F.R.S., Professor of Chemistry in University 
College, Bristol. 10 Windsor-terrace, Clifton, Bristol. 

1887. lYoung, Sydney. 29 Mark-lane, E.(!. 

1890. tYoung, T. Graham, F.R.S.E. Westfield, West Calder, Scotland. 

1868. j Youngs, John. Richmond Hill, Norwich. 

1886. :|:Zair, George. Arden Grange, Solihull, Birmingham. 

1886. iZair, John. Merle Lodge, Moseley, Birmingham. 
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1887. Professor Cleveland Abbe. Woatber Bureau, Department of Agri- 
culture, AVasbiiigtou, United States. 

1892. Professor Svante Arrlienius. '^Pbe University, Stockholm. (Bergs- 

gatan 18). 

1881. Professor G. F. Barker. University of Pennsylvania, Philadelphia, 
United States. (3909, Ivocust-stieet). 

1897. Professor Carl Barns. Brown University, Pro\idence, U.I., U.S.A. 
1894. Professor F. Beilstein. 8th Line, No. 17, St. Petersburg. 

1894. Professor F. van Beneden. The University, Li»5ge, Belgium. 

1887. Professor A. Bernthseu, l*h.p. Mannheim, L 11, 4, Germany. 

18^2. Professor M. Bertrand. L’Fcolo des Mines, Paris. 

1894. Deputy Surgeon-GeneralJ. S. Billings. Washington, United States. 

1893. Professor Christian Bohr. 62 Bredgade, Copenhagen, Denmark. 
1880. Professor Inidwig Bolt/mann. Furkenstrasse 3, Vienna, IX. 

1887. Professor Lewis Boss. Dudley Observatory, Albany, New York, 
United States. 

1884. Professor IT. P. Bowditch, M.l). Harvard Medical School, Boston, 
Massachusetts, United States. 

1890. Professor Brentano. 1 Maximilian-platz, Miinchen. 

1893. Professor Dr. W. C. Brdgger. Universitets Mineralogske Institute, 

Christiania, Norwfiy. 

1887. Professor .1, W. Bruhl. Heidelberg. 

1884. Professor tieorge J. Brush. Yale College, New Haven, Conn., United 
States. 

1894. Professor D. 11. Campbell. Stanford University, Palo Alto, (Cali- 

fornia, United States. 

1897. M. C. de Candolle. Geneva, Switzerland. 

1887. Professor G. Capellini. Koyal University of Bologna. (65 Via 
Zamboui). 

1887. Professor J. B. Carnoy. Kue du Canal 22, Louvain. 

1887. Hofrath Dr. H. (Caro. Mannheim. 

1894. Emile Oartailliac. Toulouse, Frnnce. 

1861. Professor Dr. J. Victor Carus. Universitatstrasse 16, Leipzig. 

1894, Dr. A. Ohauveau. The Sorboniie, Paris. 

1887. F. W. Clarke. United States Geological Survey, Washington, 
United States. 

1855. Professor Dr. Ferdinand Cohn. The University, Breslau, Prussia. 
1873. Professor Guido Cora. 74 Oorso Vittorio Emaniiele, Turin. 

1880. Professor Cornu. Rue de Grenelle 9, Paris. 

1870. J. M. Crafts, M.D. L’Ecole des Mines, Paris. 

1876. Professor Luigi Cremona. The University, Rome. (5 Piazza S. 
Pietro in Vincoli), 
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1889. W. II. Ddll. United States Geological Survey, Washington, D.C., 

United States. 

1872. Professor G. Dewalque. Ui^ge, Belgium. 

1870. Dr. Anton Dohrn, D.C.L. Naples. 

1890. Professor V. Dwelshauvers-Dery. Li%e, Belgium. 

1876. Professor Alberto 3^'ccher. Florence. 

1894. Professor Dr. W. Einthoven. Leiden, Holland. 

1892. Professor F. Elfving. Helsingfors, Finland. 

1894. Professor T. W. W. Engelmaun. Berlin. 

1892. Professor L(So Errera. 1 Place Stephanie, Brussels. 

1874. Dr. W. Feddersen. 9 Oarolinenstrasse, Leipzig. 

1886. Dr. Otto Finsch. Bremen. 

1887. Professor Dr. R. Fittig. Strassburg. 

1894. Professor Wilhelm Foerster, D.C.L. Eiicke Platz Berlin, S.W. 
1872. W. de Fonvielle. 50 Rue des Abbesses, Paris. 

1894. Professor Leon Fredericq. Rue de Pitteurs 18, Liege, Belgium. 

1894. Professor C. Friedd. 9 Rue Michelet, Paris. 

1887. Professor Dr. Anton Fritsch. 06 Wenzelsplatz, Prague. 

1892, Professor Dr. Gustav Fritsch. Itoon Strasse 10, Berlin. 

1881. Professor C. M. Gariel. 6 Rue Edouard Detaille, Paris. 

1866. Dr. Gaudry. 7 bis Rue des Saints Pcj,res, Paris. 

1861. Dr. Geinitz, Professor of Mineralogy and Geology. Dresden. 

1884. Professor J. Willard Gibbs. Yale University, Now Haven, Conn., 
United States. 

1884. Professor Wolcott Gibbs. Newport, Rhode Island, United States. 
1889. G. K. Gilbert. United States Geological Survey, Washington, D.C., 
United States. 

1892. Daniel C. Gilman. President of the Johns Hopliins University, 
Baltimore, United States. 

1870. William Gilpin. Denver, Colorado, United States. 

1889. Professor Gustave Gilson. Louvain. 

1889. A. Gobert. 222 Cliauss^e de Charleroi, Brussels. 

1884. General A. W. Greely, LL.D. AVar Department, Washington, D.C., 
U.S.A. 

1892. Dr. C. E. Guillaume. Bureau International des Poids et Mesures, 

Pavilion de Breteuil, Sevres. 

1876. Professor Ernst Haeckel. Jena. 

1881. Dr. Edwin H. Hall. 37 Gorham-street, Cambridge, Mass., U.S.A. 
1872. Professor James Hall. Albany, State of New York. 

1895. Professor Dr. Emil Chr. Hansen. C.arlsberg Tjaboratorium, Copen- 

hagen, Denmark. 

1887. Fr. von Hefner- Alteneck. Berlin. 

1893. Professor Paul Heger. Rue de Drapiers 35, Brussels. 

1894. Profe\ssor Tuidimar Hermann. The University, Konigsberg, Prussia. 
1893. Professor Richard Hertwig. Zoolog. Museum, Munich. 

1893. lh*ofessor Hildebrand. Stockholm. 

1897. Dr. G. AV. Hill. West Nyack, N.Y., U.S.A. 

1887. Professor W. His. Kcinigstrasse 22, Leipzig. 

1881. Professor A. A. AV. Hubrecht, LL.D., C.AI.Z.S. The University, 
Utrecht, Holland. 

1887. Dr. Olivm* W. Huntington. Oloyne House, Newport, Rhode Island, 
United States. 

1884. Professor 0. Loring Jackson. 12 AVave-street, Cambridge, Mas- 
sachusetts, United States. 

1867. Dr. J. Janssen, LI^.D. L’Observatoire, Aleudon, Seine-et-Oise. 

1876. Dr. AV. J. Janssen. Villa Frisia, Aroza, Graubunden, Switzer- 
land. 
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1881. W. Woolsey Johnson, Professor of Mathematics in the United States 

Naval Academy. 32 East Preston-street, Baltimore, U.S.A. 
1887. Professor 0. Jiilin. Li6ge. 

1876. Dr. Giuseppe Jung. 7 Via Principe Umherto, Milan. 

1887. M. Akin Kdroly. 92 Hue Richelieu, Paris. 

1884. Professor Dairoku Kikuchi, M.A. Imperial University, Tokyo, 
Japan. 

1873. Professor Dr. Felix Klein. Wilhelm Weber Strasse 3, Gottingen. 
1894. Prole-'sor li. Kny. Kaiser- Allee 92, Wilmersdorf, bei Berlin. 

3806. J)r. Kohlraiihcli. Physikalisch-technische Reichsanstalt, Oharlot- 
tenburg, Berlin. 

1856. Professor A. von Kblliker. Wurzburg, Bavaria. 

1894. Professor J. Kollmann. Basle, Switzerland. 

1887. Professor Dr. Arthur Kcinig. Physiological Institute, The Uni- 
versily, Berlin, N.W. 

1894. Maxime Kovalevsky. Beauiieu-sur-Mer, Alpes-Maritimes. 

1887. Professor Krause. 31 Brueckenallee, Berlin, N.W. 

1877. Dr. Hugo Kronecker, Professor of Pliysiology. The University, Bern, 

(Switzerland. 

1887. Lieutenant R. Kund. (}erman African Society, Berlin 
1887. Professor A. Ladenburg. Kaiser Wilhebu Htr. 108, Breslau. 

1887. Profesvsor J. W, Langley. 847^ Fairrnount-street, Cleveland, Ohio, 
United States. 

1882. Dr. S 1\ Langley, D.C.L., Secretary of the Smilhsonian Institution. 

Washington, United States. 

1887. Dr, Leeds, Professor of Chemistry at the Stevens Institute, Hoboken, 
New Jorsi'y, United States. 

1872. M. Georges Lemoine. 76 Rue d’Assas, Paris. 

1887. Professor A. Lieben. Wasagasso 9, Vienna, JX. 

1883. Dr. F. Lindeiuann. Georgenstrasse 42, Munich. 

1877. Dr. M. Lindemaiin, TTon. Sec. of the Bremen Geographical Society. 
Bremen. 

1887. Professor JJr. Georg" Lunge. The University, Zurich. 

1871. Professor Jacob Luroth. The University, Freiburg-in-Breisgau, 
Germany. 

1871, Professor Dr, Liitken. Norregade 10, Copenhagen, Denmark. 

1891. Dr, Otto Maas. Wurzerstrasse KJ, Munich. 

1887. Dr. Henry C. McCook. 3,700 Chestnut-street, Pliiladelphia, United 
States. 

1867. Professor Mannheim. Rue do la Pompe 11, Piussy, Paris. 

1881. Professor O. C. Marsh. Yale College, New Haven, Conn., United 
States. 

1887. Dr. C. A. Martins. Voss Strasse 8, Berlin, W. 

1890. Professor E. Mascart, Membre de I’lnstitut. 176 Rue de I’Universit^, 
Paris. 

1887. Professor D. 1. Mendel^etf, D.C.lj. St. Petersburg. 

1887. Professor N, Mensch Utkin. St. Petersburg. 

1884. Professor Albert A. Michelson. The University, Chicago, U.S.A. 
1848. Professor J. Milne-Edwards. 57 Rue Cuvier, Paris. 

1887. Dr. Charles Sedgwick Minot. Boston, ^Massachusetts, United States. 
1894. Professor G. Mittag-Lefiler. Djuvslioliu, StockJiolra. 

1893. Professor H. Moissan. The Sorbonne, Paris (7 Rue Vauqiielin). 
1877. Professor V. L. Moissenet. 4 Boulevard Gamhetta, Chaumont, Hte. 

Marne, France. 

1894. Dr. Edmund von Mojsisovics. Strohgasse 26, Vienna, III3. 

1897. Professor Oskar Monteliiis. Stockholm, Sweden. 

1897. Professor E. W. Morley. Cleveland, Ohio, U.S.A. 
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1864. Dr. Arnold Moritz. The University, Dorpat, Russia. 

1887. E. S. Morse. Peabody Academy of Science, Salem, Mass., U.S.A. 

1889. Dr. F. Nansen. Christiania. 

1894. Professor R. Nasini. Istituto Ohimico dell’ Universiti^, Padua, Italy. 
1804. Dr. G. Neumayer. Deutsche Seewarte, Hamburg. 

1884. Professor Simon Newcomb. 1620 P.-street, Washington, U.C., United 
States. 

1887. Professor Emilio Noelting. Muhlhausen, Elsass, Germany. 

1894. Professor H. F. Osborn. Columbia College, New York, U.S.A. 

1894. Baron Osten-Sacken. Heidelberg. 

1890. Professor W. Ostwald. Bruderstrasse 34, Leipzig. 

1889. Professor A. S. Packard. Brown University, Providence, Rhode 

Island, United States. 

1890. Maffeo Pantaleoni, Director of the Royal Superior School of Com- 

merce, Bari, Italy. 

1895. Professor F. Paschen. Nelkenstrasse 14, Hannover. 

1887. Dr. Pauli. Feldbergenstrasse 49, Frankfurt a. M., Germany. 

1890. Professor Otto Pettersson. Hogskolas Laboratorium, Stockholm. 

1894. Professor W. Pfeffer, D.C.L. The University, Leipzig. 

1870. Professor Felix Plateau. 152 Chauss^ie de Courtrai, Gand. 

1884. Major J. W. Powell, Director of jthe Geological Survey of the 
United States. Washington, D.C., United States. 

1886. Professor Putnam, Secretary of the American Association for the 

Advancement of Science. Harvard University, Cambridge, 
Massachusetts, United States. 

1887. Professor Georg QtKncke. Friedeiich ban, Heidelberg. • 

1868, L. Radlkofer, Professor of Botany in the University of Munich 

(Sonnen-Strasse 7). 

1895. Professor Ira Remsen. Johns Hopkins University, Baltimore, U.S.A. 

1886. Rev. A. Renard. Rue du Roger, Gand, Belgium. 

1807. Professor Dr. 0. Richet, Faculte de Medecine, Paris, hhance. 

1873. Professor Baron von Richthofen. Kurfurstenstrasse 117, Berlin. 

1896. Dr. van Rijckevorscd. Parklaan 7, Rotterdam, Netherlands, 

1892. Professor Rosenthal, M.D. Erlangen, Bavaria. 

1890. A. Lawrence Rotch. Blue Hill Observatory, Readville, Massachu- 
setts, United States. 

1881. Professor Henry A. Rowland. Baltimore, United States, 

1895. Professsr Karl Rnnge. Kbrnerstrasse 19a, TTanno\er. 

1894. Professor P. H. Schoute. The University, Groningen, Holland. 

1897. Professor W. B. Scott. Princeton, N..T., U.S.A. 

1883. Dr. Ernst Schroder. Gottesanerstrasse Karlsruhe in Baden. 

1874. Dr. G. Schwoinlurth. Polsdamerstrasse 75 a, Bmlin. 

1846. Baron de Selys-Longchamps. LiiSge, Belgium. 

1873. Dr. A. Shafarik. Weinberge, Kopernicus Gasse 422, Prague. 

1892. Dr. Maurits Snellen, Chief Director of the Royal Meteorological 
Institute of the Netherlauds. Utrecht. 

1887. Professor Count Solras. Bot. Garten, Strassburg. 

1887. Ernest Solvay. 25 Rue du Prince Albert, Brussels. 

1888. Dr. Alfred Springer. Box 621, Cincinnati, Ohio, United States. 

1889. Professor G. Stefanescu. Bucharest, Roumania. 

1881. Dr. Cyparissos Stephanos. The University, Athens. 

1894. Professor E. Strashurger. The University, Bonn. 

1881. Professor Dr. Rudolf Sturm. The University, Breslau. 

1884. Professor Robert H. Thurston. Sibley College, Cornell University,. 

Ithaca, New York, United States. 

1864. Dr. Otto Torell, Professor of Geology in the University of Lund, 
Sweden. 
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1887. Dr. T. M. Treub. Buiteiizorg, Java. 

1887. Professor John Trowbridge. Harvard University, Cambridge, Massa- 
chusetts, United States. 

Arminius Vamb^ry, Professor of Oriental Languages in the University 
of Pesth, Hungary. 

1890. Professor J. H. van’t HofF. Uhlansstrasse 2, Charlottenburg, Berlin. 
1889. AVladimir Vernadsky. Mineralogical Museum, Moscow. 

1880. Professor Jules Vuylsteke. 80 Rue de Lille, Menin, Belgium. 

1887. Professor IT. F. W(‘ber. Zurich. 

1887. Professor Dr. Lconliard Weber. Kiel. 

1887. Professor August Weismann. Freiburg-in-Breisgau, Baden. 

1887. Dr. H. C. White. Athens, Georgia, United States. 

1881. Professor II. M. Whitney. Beloit College, Wisconsin, Unitt'd 

States. 

1887. Professor 1^1. Wiedemann. Erlangen. [O/o T. A. Barth, Johannis- 
gasso, Leipzig.] 

1874. Professor G. Wiedmnann. Thalstrasse 3o, Leipzig. 

1887. Professor Dr.R. Wiedersheim. ITansastras.se 3, Freiburg-iin-Breisgau, 
Baden. 

1887. Profes.sor Dr. .1. Wislicenus. Liebigstvas.se 18, Leipzig. 

1887. Dr. Otto N. Witt. 21 Siegmundhot, Berlin, N.W. 

1870, Profe.ssor Adolph AVullner. A ureliusstrasso 9, Aachen, 

1887. Professor C. A. Young. IVinceton College, New Jer.sey, U.8.A. 

J800. Professor F. Zacharias. Botanischer Garten, Hamburg. 

1887. Professor F. Zirkel. Lalstrasse 33, Leipzig. 
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LIST OF SOCIETIES AND PUBLIC INSTITUTIONS 

TO WHICH A COPY OF THE REPORT IS PRESENTED. 


GREAT HRITAIN AND IRELAND. 


Belfast, Queen’s Colleg'e. 

Birrainf^haui, Midland Institute. 
Brighton I’ublic Library. 

Bristol Naturalists’ iSociety. 

Cambridge Philosophical Society. 
Cardiir, University College of {South 
Wales. 

Coniwall, Royal Geological So- 
ciety of. 

Dublin, Geological Survey of Ireland. 

, Royal College of Surgeons in 

Ireland. 

, Royal Geological Society of 

Ireland. 

, Royal Irish Academy. 

, Royal Society of. 

Dundee, University College. 
Edinburgh, Royal Society of. 

, Royal Medical Society of. 

, Scottish Society of Arts. 

Exeter, Albert Memorial Museum. 
Glasgow Pliilosophical Society. 

, Institution of Plngineers and 

Shiplnulders in Scotland, 
fjeeds, iMocliaiiics’ Tnstitut<‘ 

^ Philosophical and Literary 

Society of. 

Liverpool, Free Public Library and 
Museum. 

, Ihjjal In.>titution. 

London, admiralty, Library of the. 

, Antliropolonical In.stitute. 

, Arts, Society of. 

, Chemical Society. 

, Civil Engineers, Institution of, 

, East India Library. 

, Geological Society. 

, Geology, Museum of Practical, 

28 .lermyn Street. 

, Greenwich, Royal Observatory. 

, Kew Observatory. 


; London, Linnean Society. 

* , London Institution. 

, Mechanical Engineers, Institu- 
tion oi'. 

, JMeteorological Ollice. 

, Royal Asiatic Society, 

, Royal Astronomical Society. 

, Royal College of Ph\sicians. 

, Royal College of vSurgeons. 

, Royal Phigiiicers’ Institute, 

Chatham. 

, Royal Ge()gvn])hical Society. 

: , Royal Institution. 

, Royal Meteorological Society. 

, Royal Sociely. 

— Royal Statistical Society. 

, Sanitary Institute. 

, United Service Institution. 

, TTniversity College. 

, War Otlice, Library of the. 

, Zoological Society. 

Manchester Literary and Philosophical 
' Society. 

j , Meclianics’ Institute. 

N ewcastle - u])on - Tyne, Literary and 
! Philosophical Society. 

I , Public Library. 

I Norwich, The Free Library, 
i Nottingham, Tlie I’ree Library. 

I Oxford, Aslimolean Society. 

— — , Radclid'e Ob-ervatory. 

Plymouth Institution. 

Salford, Royal IMiiseum and Library. 
Sheffield, Firth College. 

Southampton, Hartley Institution. 
Stoiiyhurst College Observatory. 
Swansea, Royal Institution of South 
AVales 

1 Y orksbire Philosophical Society, 
i The Corresponding Societies (see 
, list in Report). 









